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EXECUTIVE  SUMMARY 

This  study  identifies  the  remedial  and  mitigative  measures  for  achieving  various  proposed 
uses  in  specified  areas  for  Hamilton  Harbour  and  develops  a  framework  for  valuing  the 
benefits  associated  with  the  resulting  improvements  in  water  quality  and  recreational 
activities.  Past  and  present  uses  of  Hamilton  Harbour  were  inventoried  and  baseline  data 
was  collected.  The  uses  included: 

•  recreational  boating 

•  fishing 

•  environmental  interpretation  and  outdoor  education 

•  shipping  and  navigation 

•  wastewater  receiving  body 

•  industrial  water  supply 

•  other  recreational  uses  such  as  ice  boating  and  skating 

Future  uses  of  the  Harbour  waters,  using  as  much  available  data  as  possible,  include  all  of 
the  above  plus  swimming  and  water  sports.  The  preferred  end  use  favored  by  the 
Stakeholders  and  used  in  this  study  was  a  self-sustaining  edible  fishery. 

Existing  pollution  loadings  to  Hamilton  Harbour  have  been  identified  and  quantified 
according  to  their  sources:  a)  point  sources  such  as  municipal  sewage  treatment  plants  and 
industrial  discharges;  and  b)  non-point  sources  such  as  combined  sewer  overflows,  storm 
water  runoff  and  Cootes  Paradise.  Remedial  measures  considered  for  Hamilton  Harbour 
include  point  source  and  non-point  source  control.  Implementation  of  nitrification,  sand 
filtration,  dual  point  injection,  and  rerouting  of  the  effluent  to  Lake  Ontario  are  considered 
for  Hamilton  and  Burlington  sewage  treatment  plants.  Housekeeping  changes  including 
rerouting  some  discharges  to  the  municipal  sewer  system  are  considered  for  industrial 
sources.  Best  management  practices  for  agriculture,  control  of  combined  sewer  overflows 
and  control  ponds  for  new  subdivisions  are  considered  for  non-point  sources. 

Mitigative  measures  considered  for  Hamilton  Harbour  include:  oxygen  injection,  beach 
construction  and  habitat  enhancement  for  the  fishery.  Specific  fishery  measures  include 
creation  of  islands  in  the  Grindstone  Creek  delta,  and  addition  of  rubble  and  other 
underwater  features  along  the  Lax  property  and  Burlington  shores.  The  measures  considered 
for  Cootes  Paradise  include  diking/cell  separation  to  enhance  pike  and  bass  reproduction  and 
to  control  bottom  sediment  erosion,  and  dredging  to  minimize  phosphorus  release. 


Both  remedial  and  mitigative  measures  are  evaluated  in  terms  of  costs  (capital,  operating 
and  maintenance),  their  effectiveness  for  pollutant  reduction  and  enhancement  of  harbour 
uses.  The  effect  of  the  above  remedial  and  mitigating  measures  upon  water  quality  were 
considered  quantitatively  and  incorporated  into  a  cost  effectiveness  analysis.  The  effect  of 
iron,  alum  and  lime  addition,  nitrification,  carp  control,  shore-line  grooming,  and  of  the 
above  noted  remedial  and  mitigative  measures  upon  the  various  end  uses  were  considered 
qualitatively. 

The  cost  effectiveness  analysis  is  presented  in  two  forms.  The  costs  of  implementation  of 
four  alternative  sets  of  remedial  and  mitigative  measures  are  related  to  the  improvement  in 
hypolimnetic  dissolved  oxygen  and  to  the  change  in  water  clarity  and  the  associated  change 
in  littoral  fish  habitat.  Then  the  costs  of  implementation  of  another  set  of  mitigating  and 
remedial  measures  are  related  to  the  potential  yield  of  Northern  Pike  and  Largemouth  Bass. 

The  cost-effectiveness  analysis  can  be  used  to  evaluate  where  major  changes  in  water 
quality  occur  for  a  small  increment  in  costs.  The  results  indicate  that  improvement  in 
hypolimnetic  dissolved  oxygen  is  quite  inelastic  until  substantive  control  of  phosphorus  and 
ammonia  has  occurred.  Nitrification  in  the  Hamilton  Sewage  Treatment  Plant  can  be 
achieved  at  relatively  small  cost,  but  its  impact  upon  oxygen  resources  is  small  due  to  the 
large  effects  caused  by  phosphorus  inputs  and  sediment  oxygen  consumption.  Nitrification 
has  the  most  substantive  effect  upon  potential  ammonia  toxicity  in  the  Harbour.  Phosphorus 
control  by  implementation  of  sand  filtration  and  dual  injection  has  a  large  impact  upon 
oxygen  resources  but  also  a  large  increment  in  cost.  Mitigating  measures  for  enhancing  the 
fishery  are  estimated  to  have  a  much  larger  effect  upon  fish  production  than  control  of  point 
sources  at  a  fraction  of  the  cost. 

These  remedial  and  mitigative  measures  may  have  a  large  effect  upon  toxic  substances  in 
the  Harbour.  Their  impact  and  the  effect  of  measures  such  as  alum,  iron,  lime  or  oxygen 
injection  were  not  considered  due  to  the  lack  of  necessary  data.  Their  impact  upon 
substances  such  as  medical  radionuclides  do  not  require  consideration  because  the  risk  to 
humans  is  substantially  below  regulatory  limits. 

Two  different  approaches  (a  benefit-cost  assessment,  and  an  analysis  of  economic  impacts) 
were  used  to  assess  the  economic  effects  of  the  nine  control  measures  identified  as  being 
cost  effective  in  promoting  a  self-sustaining  warm  water  fishery.  The  benefit-cost 
assessment  compared  the  increase  in  economic  benefits  (or  consumer  surplus)  accruing  to 


Hamilton  area  residents  with  the  costs  of  implementing  the  control  measures.  Two  types  of 
economic  benefits  were  identified:    use  value,  and  non-use  or  intrinsic  value. 

The  estimate  of  use  value  used  in  this  study  is  based  on  increases  in  recreational  fishing  and 
swimming  only.  No  estimates  were  available  of  potential  increases  in  other  activities  and, 
therefore,  no  use  value  could  be  assumed  for  them.  Similarly,  it  was  not  possible  to  estimate 
the  increase  in  consumer  surplus  which  would  accrue  to  current  recreationalists  as  a  result 
of  improved  Harbour  conditions.  The  estimates  of  use  value  used  in  the  analysis  may, 
therefore,  underestimate  the  actual  total.  Assuming  implementation  of  all  nine  control 
measures,  the  estimates  of  use  value  are: 

•  $0.13  million  per  year  from  increased  recreational  fishing 

•  $5.50  million  per  year  from  swimming 

Non-use  value,  assuming  implementation  of  the  entire  sequence  of  control  measures,  is 
approximately  $20  million  per  year.  Total  economic  value  benefits  exceed  the  costs  by 
approximately  $12.4  million  after  implementation  of  all  nine  measures.  Net  economic 
benefits  maybe  positive  after  implementing  the  first  eight  measures  depending  on 
assumptions  regarding  non-use  value.  The  results  of  the  benefit-cost  assessment  are  highly 
dependent  on  estimates  of  non-use  value. 

Economic  impacts  generated  by  increased  fishing  and  swimming  as  a  result  of  improved 
conditions  in  the  Harbour  are  small.  Capital  expenditures  for  all  nine  measures  results  in  the 
creation  of  1,300  jobs  and  an  added  income  to  the  Hamilton  area  of  $118  million  during  the 
construction  phase.  Impacts  generated  by  operating  and  maintenance  expenditures  are 
small.  , 

Significant  information  gaps,  linkage  uncertainties  and  assumptions  used  throughout  this 
document  were  expanded  upon.  A  sensitivity  analysis  was  undertaken  varying  some  of  the 
key  assumptions  used  in  the  benefit-cost  assessment.  The  analysis  is  based  on  variations  of 
three  key  factors:  estimates  of  non-use  values,  use  estimates  for  fishing  and  swimming  and 
the  time  horizon  for  converting  capital  costs  into  annual  values.  Alteration  of  assumptions 
regarding  use  value  and  amortization  of  capital  costs  has  relatively  little  impact  on  the 
results  of  the  benefit-cost  assessment.    This  is  not  the  case  for  non-use  values.    Three 


different  estimates  were  assumed  for  these  values,  all  of  which  are  supported  by  the 
literature.  The  resulting  net  economic  benefits  ranged  from  extremely  large,  to 
negative. 

A  sensitivity  analysis  of  the  relative  importance  of  biological,  chemical,  engineering, 
and  economic  and  information/data  gaps  would  be  useful  but  was  not  undertaken  in  this 
study.  For  water  quality,  the  development  and  validation  of  models  for  eutrophication 
and  toxic  substances  are  required.  In  addition,  data  characterizing  the  levels  of  toxics 
in  various  biota  and  their  physiochemical  form  in  various  geochemical  reservoirs  are 
required.  For  swimming,  established  in  this  study  as  a  key  end  use,  selection  of  the 
most  appropriate  water  quality  parameters,  background  data  characterizing  loads  and 
receiving  water  concentrations,  and  modelling  analysis  of  response  of  the  harbour  to 
control  are  essential.  In  support  of  this  work,  the  physical  hydrodynamics  of  the 
harbour  need  further  research.  For  fishing,  scenarios  assessed  in  this  study  must  be 
viewed  with  caution  because  these  scenarios  are  an  experiment;  whether  the  fishery  of 
the  harbour  will  respond  biologically  is  an  experiment  which  has  not  been  duplicated  in 
other  case  histories. 

The  results  of  the  benefit-cost  assessment  indicate  that  there  is  an  economic  basis  for 
improving  water  conditions  in  Hamilton  Harbour.  As  noted,  these  results  are  highly 
dependent  on  estimates  of  non-use  value,  which  should  be  regarded  as  preliminary.  The 
proposed  control  measures  entail  a  significant  financial  investment  and  as  such, 
warrant  more  refined  supporting  data  upon  which  to  base  a  decision  supporting  their 
implementation.  Such  data  could  be  obtained  by  a  survey  of  Hamilton-area  residents. 
Additional  recommendations  include  the  need  for  data  in  the  areas  of:  recreational 
uses,  more  refined  costs  for  remedial  and  mitigative  measures,  point  and  non-point 
source  loadings  and  eutrophication  modelling. 
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1.0  INTRODUCTION 

1.1  General 

1.1.1  -  Purpose  of  Study 

The  purpose  of  this  study  is  to  evaluate  and  inte^ate  the  relevant  biological,  chemical, 
social  and  economic  data  and  information  in  order  to  determine  a  cost/benefit 
framework  for  the  Hamilton  Harbour  Remedial  Action  Plan. 

An  initiation  meeting  took  place  on  September  1,  1987,  at  the  Canada  Centre  for 
Inland  Waters  located  in  Burlington,  Ontario.  A  detailed  list  of  those  present  at  the 
meeting  is  presented  in  Appendix  A. 

The  major  conclusions  agreed  to  at  this  meeting  include  that: 

a)  the  preferred  end  use  for  this  study  is  a  self-sustaining  edible  warm  water  fishery 

b)  the  focus  of  the  study  will  be  on  water  quality  only 

c)  the  study  will  develop  a  detailed  cost/benefit  framework  for  a  specific  end  use. 
Other  end  uses  can  then  be  related  to  it  with  the  recognition  that  there  will  be 
much  less  detail  involved  with  these  other  end  uses. 

1.1.2  -  Work  Plan 

The  final  work  plan  (Figure  1)  agreed  upon  is  divided  into  6  phases  which  are: 

Phase  1  -  Project  Initiation  -  This  phase  covers  the  normal  project  start-up 
requirements  such  as  finalizing  the  consulting  agreement,  collecting  and  evaluating  all 
readily  available  existing  data  and  finalizing  the  detailed  work  program.  However,  this 
Phase  also  includes  an  initial  evaluation,  in  consert  with  the  Remedial  Action  Plan 
Writing  Team  for  Hamilton  Harbour  of  the  factors  influencing  Harbour  degradation. 
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Phase  2  -  Harbour  Uses  -  This  phase  documents  past  and  present  uses  and  develops 

user/market  information  related  to  possible  future  uses.  The  water  quality  criteria  and 
other  factors  are  assessed  in  order  to  meet  the  requirements  of  viable  future  uses  of 
the  Harbour. 

Phase  3  -  Remedial  and  Mitigative  Measures  -  During  this  phase  the  details  of 
the  remedial  measures,  the  mitigative  measures,  the  implementation  requirements 
such  as'scheduling,  etc.,  are  developed.  Cost  estimates  are  prepared  for  each,  their 
effectiveness/efficiency  is  evaluated  and  the  advantages/disadvantages  of  each  are 
noted.  An  assessment  of  cost  effectiveness  of  mitigative  measures  for  a  self- 
sustaining  fishery  is  undertal<en. 

Phase  4  -  Benefit  Cost  Analysis  -  During  this  phase  the  monetary  and  non-monetary 
benefits  of  the  anticipated  increased  uses  of  the  restored  Harbour  will  be  developed. 

Two  different  approaches  were  used  to  assess  the  effects  of  the  control  measures 
which  would  be  cost  effective  in  promoting  a  self-sustaining  warm  water  fishery: 

•  a  benefit-cost  assessment 

•  analysis  of  economic  impacts 

Phase  5  -  Sensitivity  Analysis  -  Significant  information  gaps  were  identified 
throughout  the  assignment  which  cannot  be  adequately  addressed  due  to  schedule  and 
budget  constraints.  Further  it  is  likely  that  significant  assumptions  will  have  to  be 
made  regarding  biophysical  linkages  between  water  quality  and  restored  uses.  This 
Report  will  document  these  assumptions  and  present  to  the  extent  practical  a 
sensitivity  analysis  of  the  impact  of  such  uncertainties. 

Phase  6  -  Conclusions  and  Recommendations  -  The  results  of  all  studies 
including  conclusions  and  recommendations  are  documented  in  this  Draft  Report. 
Following  review  and  comment  a  Final  Report  will  be  submitted  after  receipt  of  all 
comments  on  the  draft. 

Desired  end  uses  expressed  by  the  Stakeholders'^)  include;  fishing  (warm  water  fishery, 
eventually  cold  water  fishery),  boating,  water  body  contact  sports,  swimming,  shipping, 
industrial  intake  and  discharge,  wildlife  habitat,  and  as  an  educational  resource.  As 
agreed  upon  at  the  initiation  meeting  the  application  measures  are  to  be  focussed 
towards  the  establishment  of  a  warm  water  sustainable  edible  fishery. 
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1.2      Analytical  Data 

1.2.1  -  Sources  of  Data 

It  is  to  be  acknowledged  here  that  much  of  the  information  supplied  comes  from 
Interim  Report  of  the  Writing  Team  for  the  Hamilton  Harbour  Remedial  Action  Plan2). 
Additional  sources  of  analytical  data  utilized  for  this  study  are  listed  in  the  reference 
portion  of  this  Section. 

1.2.2  -  Parameters 

Factors  contributing  to  the  degradation  of  water  quality  in  Hamilton  Harbour  which 
must  be  addressed  include: 

Chemical 

chemical  oxygen  demand 

ammonia 

total  kjeldahi  nitrogen 

nitrate 

nitrite 

phosphorus 

heavy  metals 

Biological 

BOD  (biochemical  oxygen  demand) 

fish  (carp) 

bacteria 

toxic  organics 

algae 

Physical 

filling 

suspended  solids 

turbidity 

near  shore  environments 

vegetation 

currents 
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1.2.3  -  Data  Precision 

Water  and  sediment  quality  data  should  be  analyzed  with  the  knowledge  that  quality 
greatly  depends  on  sampling  locations  within  the  harbour.  An  example  is  Windermere 
Basin  where  contamination  is  much  higher  than  elsewhere  in  the  harbour. 

Concentrations  of  contaminants  vary  seasonally  and  from  year  to  year  reflecting 
constant  physical/chemical  changes  in  the  harbour  basin,  (e.g.  Manganese 
concentration  in  deeper  water  is  higher  in  the  summer/late  fall  due  to  higher  reducing 
conditions  of  the  hypolimnion). 

Problems  inherent  in  the  data  set  include: 

•  unknown  behaviour  of  the  contaminants  in  the  sediments  on  the  water  column 

•  the  paucity  of  data  available  for  calculations  of  loadings 

•  lack  of  information  on  the  effect  of  trace  metals  and  organics  on  the  biota  of  the 
harbour 

•  the  quality  assurance  of  the  data  supplied 

The  chemical  quality  of  Hamilton  Harbour  water  and  bottom  sediments  are  outlined  in 
Tables  1.1  and  1.2  respectively. 

1.3      Guidelines  and  Standards 

1.3.1  -  Discussion 

Guidelines  and  standards  published  by  the  Ontario  Ministry  of  the  Environment  are 
presented  with  Hamilton  Harbour  Data  in  Tables  1.1  and  1.2.  In  many  cases,  effluent 
from  point  sources  are  or  will  shortly  be  meeting  Ministry  guidelines  \  Significant 
technological  improvements  to  sources  will  have  to  be  implemented  to  improve 
effluent  quality.  Even  by  improving  point  source  effluent  to  meet  Ministry  standards 
the  overall  loading  to  the  harbour  will  mean  that  the  quality  of  harbour  waters  will 
■  probably  not  meet  Ministry  objectives.  The  reason  for  this  dilemma  is  that  there  are 
many  contributing  non-point  sources  of  contaminants,  high  levels  of  existing 
contamination  in  the  harbour  and  the  possibility  of  sediment  contribution  to 
contamination  within  the  water  column.     A  global  approach   may  be  needed   for  the 


ASSESSMENT  OF  PROPOSED  REMEDIAL  ACTION  PLANS  FOR  HAMILTON  HARBOUR 
HAMILTON  HARBOUR  WATER  QUALITY  DATA 
TABLE  1 . : 


PARAMETER 


STANDARD    (mg\L    except    pH ) 


NH3-N    (un-lonlzed    ammonlal 
TKN    ItoLal    )(jeldaril    nitrogen) 


N02-N    (nitrite) 
N03-N    (nitrate) 


Total  Phenols 

FRP  (fraction  reactive  phosphates) 


Si  (dissolved  reactive  silica) 
BOD  (biological  oxygen  demand) 


COD  (Chemical  oxygen  demand) 
TOC  (total  organic  carbon) 


DOC  (filtered  organic  carbon) 
Conduct ivi Ly 


pH 


Turbid  1  ty 

SS  (Suspended  Solids) 


Chloropnyl  a. 


HARBOUR  WATER  QUALITY 


PROVINCIAL  WATER  QUALITY  OBJECTIVES 
FOR  PROTECTION  OF  AQUATIC  LIFE  AND 
RECREATION    »« 


Pb   Lead 
Fe   Iron 


Mn   Manganese 

Hq   Mercury  (Filtered) 


Note:  Cyanide  was  testec  tor 
but  was  always  below  tie 
detection  limit  (5  ^gVLj 


ORGANICS  (-g\L) 

Total  PCS 
a-BHC 

D-BHC 
^-BHC 

Endosultan  Sulfate 
Heptachlor  Epoxide 

oxychlordane 


A ; d r  in 

heptachlor 

Mirex 

DDT 

dlpna  ani^    gamma  cniordd 

dieldr  in 

me  thoxychlor 

endosultan  :  i    II 

endr in 


Mean  Values 
-  1963  unless  noted  otherwise 

1.13 
1.76 

0.02 

0.17 

1.41 

1.0   Drinlting  Water 
10.0    Objectives 

0.056 

0.014 

0.001 

0.46 
3.09 

(1980) 

15.7 
3.66 

(1979) 

3.2  2 

424 

104 
7.83 

(1980) 
(1980) 

6.5  -  8.5 

51.2 
50.4 

0.002   warm  water  fisher 

2.65 
4.68 

(1980) 
(1980) 

14.5 

• 

Mean  Values     Range 
-  1982  unless  noted  otherwise 
7           7-40 
5            1-17 

5 
25 

20 
0.2 

2  -   116 
0.2  -   0.9 

30 
0.2 

5 

200 

3  -    31 
20  -  1000 

25 
300 

39 

0.07 

17  -   880 
0.03-  0.26 

0.2 

1 

0  .66 

- 

100 
100 

Med 

an 

Maximum 

1982  Ve 

lues 

<   0 

020 

0.030 

0 

004: 

0.006 

<   0 

001 

0.003 

0 

003 

0.059 

<   0 

004 

0.004 

<   0 

001 

0.001 

0 

002 

0.004 

<   0 

001 

0.004 

not 

detected 

not 

detected 

not 

detected 

not 

detected 

not 

detected 

not 

detected 

not 

detected 

not 

detected 

not 

detected 

0.001 

0.010 
0.001 


.001 

.001 

.001 

.0C3 

.06 

.001 

.04 

.003 

.002 
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ASSESSMENT  OF  PROPOSED  REMEDIAL  ACTION  PLANS  FOR  HAMILTON  HARBOUR 
HAMILTON  HARBOUR  SEDIMENT  QUALITY  DATA 
TABLE  1 . 2 


PARAMETER 


HARBOUR  SEDIMENT  QUALITY 


MCE  GUIDELINES  FOR  DREDGED  SEDIMENT 
DISPOSAL  IN  OPEN  WATER  *«• 


STANDARD  ( mi  1 1 igrams\ g  unless  noted 
otherwise i 

Mean  Values 
-  1980  unless  noted  otherwise 

BOD  (biochemical  oxyg-^n  demand) 
SOD  (sediment  oxygen  lemand) 

2.60  mg\g 
150.00  mg\g 

(1977) 
(1977) 

NH3-N  (ammonia) 

TKN  (total  kjeldahl  nitrogen) 

10.00 
3.50  mg\g 

(1977) 

Total  Phenols 
Acid  Extract  P 

3.20  mg\g 
2.30  mg\g 

(1975) 

Ether  Extract  (oil  an'  grease) 

7.60  mq\g 

(1977) 

METALS  (microgramsNgra a  unless  noted 

otherwise) 
Fe   Iron 
Cu   Copper 

Mean  Values 
-  1960  unless  noted  otherwise 
68   mg\g 
130 

Cr   Chromium 
Ni   Nicltel 

204 
44 

Zn   Zinc 
Pb   Lead 

2700 
310 

Cd   Cadmium 
Mn   Manganese 

5.70 
1900 

Hg   Mercury 
Co   Cobalt 
As   Arsenic 

0.30 
■  10 

ORGANICS  (milligrams\g j 

Median 
-  1982  values 

Range 

PCB's  and  Pesticides 

Total  PCB 

0.020 

0 . 020-1 . 270 

a-BHC 
P-BHC 

0.001 
•«      0.002 

0.001-0.006 
0.013 

a-chlordane 
T-chlordane 

0.002 
0.0045 

0.002-0.018 
0.002-0.020 

aldrin 
oxychlordane 

«•      0.001 
«•      0.002 

0.001 
0.008 

0,P-DDT 
P,?-DDE 

0.005 

0.001 

0.010 
0.009 

HCB 

cool 

0.004 

Polynucleat  aromatic  h^ drocarbons ( PAH ' s ) 

Fluorantnene 

Perylene 

Benzo(k )f luoranthene 

2er.co:a  Ipyrene 

Benzo(g,h, i )perylene 

Indene(l,2,3  cdipyrene 

0.0019-0.0043 
0.0012-0. 0097 
0.0011-0.0090 

0.0012-0.0111 
0.0016-0.0086 
0.0011-0.0097 

Ministry  of  the  Environment,  August  1985,  Hamilton  Harbour  Technical  Summary  and  General 
Management  Options,  Great  Lalies  Section,  Water  Resources  Branch. 

Poulton,  D.J.,  1987,  Trace  Contaminant  Status  of  Hamilton  Harbour,  Journal  of  Great  Lal<es 
Research  13(2):  193-201,  International  Association  of  Great  Laiies  Research,  1987. 

«  Bersaud,  D.  end  Villains,  U.D.,  Evaluating  Construction  Activities  Impacting  on  Water  Resources, 
Ministry  of  tie  Environment,  Water  Resources  Branch,  1976. 
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various  point  sources  in  order  to  meet  water  quality  guidelines  in  Hamilton  Harbour,  an 
overstressed  basin. 

Non-point  sources  contributing  to  the  pollution  of  harbour  waters  include  overland 
runoff  during  heavy  rainfall  and  introduction  of  contaminants  to  the  harbour  by  creeks 
and  streams.  The  actual  loadings  by  all  non-point  sources  are  unknown.  The  ultimate 
sources  of  pollutants  which  enter  the  drainage  system  are  widespread  and  include 
phosphorus  and  pesticides  from  farming  practices,  increased  erosion  of  sediments  from 
construction  and  farming,  and  also  the  likelihood  of  toxic  materials  from  past  or 
present  industrial  uses. 

1.4      Analysis  of  Data 

1.4.1  -  Point  Sources  of  Contaminants 

The  loadings  of  materials  from  the  various  sources  are  summarized  in  Table  1.3. 

1.4.1.1  -  Hamilton  and  Burlington  Sewage  Treatment  Plants 

Sewage  treatment  plants  are  the  main  source  of  ammonia  (NH3-  N)  to  the  harbour. 
Ammonia  causes  high  oxygen  depletion  within  the  water  column  and  results  in  toxicity 
to  fish  and  aquatic  life. 

The  treatment  plants  are  also  a  major  source  of  phosphorus  which  is  a  limiting  nutrient 
for  the  growth  of  algae.  Severe  algal  growth  would  also  cause  high  oxygen  depletion 
which  endangers  aquatic  life. 

Other  pollutants  contributed  by  the  sewage  treatment  plants  include; 

BOD  (biochemical  oxygen  demand) 

COD  (chemical  oxygen  demand) 

polyaromatic  hydrocarbons  (PAH's) 

trace  metals 

sulphur 

bacteria 

suspended  solids 
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1.4.1.2  -  Steel  Industries  -  Stelco  and  Dofaseo 

Stelco  and  Dofaseo  are  major  sources  of  Fe,  other  heavy  metals,  phenols,  cyanide  and 
suspended  solids  '. 

Other  materials  contributed  by  the  steel  mills  include; 

•  COD  (chemical  oxygen  demand) 

•  sulphur 

•  ammonia 

1.4.2  -  Non-Point  Sources  of  Contaminants 

1.4.2.1  -  Sanitary /Storm  Sewer  Overflow 

One  Sanitary/Storm  Sewer  overflow  during  heavy  rainfall  is  believed  to  be  a  major 
source  of  ammonia,  phosphorus,  bacteria,  BOD  and  suspended  solids  to  the  harbour. 

The  Storm  Sewer  overflows  (twenty  six  in  total)  may  be  a  source  of  PCB's  and  organo- 
chlorines  '  which  are  transported  from  local  industry. 

1.4.2.2  -  Runoff/Streams 

Surface  runoff  and  streams  are  a  major  source  of  suspended  solids  which  create 
turbidity  within  the  basin  and  are  also  believed  to  be  carrying  nutrients  such  as 
phosphorus. 

1.4.2.3  -  Landfill/Leachate 

It  has  been  assumed  that  leachate  from  landfills  in  the  southwest  area  of  the  harbour  is 
either  controlled  or  represents  a  minor  part  of  the  contaminant  problem  (Personal 
communications  Bill  Snodgrass)  .  This  assumption  could  possibly  be  premature  as 
leachate  could  be  a  source  of  PCB's,  trace  organics,  polyaromatic  hydrocarbons  (PAH's) 
and  lead. 


1  -  7 


1.5      References 

1.  Ontario  Ministry  of  the  Environment  August   1985,  Hamilton  Harbour  Technical 

Summary  and  General  Management  Options,  Great  Lakes  Section,  Water 
Resources  Branch 

2.  Rodgers  G.K.,  Cairns  V.,   Marsden  J.,   Murphy  T.,  Selby  C.,   Simser  L.,   Vogt  J. 

February  1987,  Interim  Report  of  the  Writing  Team  for  the  HamUton 
Harbour  Remedial  Action  Plan,  Towards  a  Comprehensive  Remedial 
Action  Plan  for  Hamilton  Hartx>ur 

3.  Cairns   V.   October    1986,    Remedial   Actions   to   Restore   the   Hamilton   Harbour 

Fishery  -  Draft,  Great  Lakes  Laboratory  for  Fisheries  and  Aquatic 
Sciences,  Department  of  Fisheries  and  Oceans,  Burlington,  Ontario 

4.  Land    Use    Research   Associates.    September   8    1986,    Interim    Report:    Hamilton 

Harbour's  Water  Quality:  The  Stakeholder's  Proposals 

5.  Remedial    Options    Work    Group    August    25,    1978,    Remedial    Options    for 

Contaminated  Sediments  in  the  Great  Lakes  Basin,  Report  of  the  Remedial 
Options  Work  Group  to  the  Sediment  Subcommittee 

6.  Rodgers  G.K.  Development  of  a  Strategy  for  Rehabilitation  of  Hamilton  Harbour, 

National  Water  Research  Institute,  Environment  Canada,  Canada  Centre 
for  Inland  Waters,  Burlington  Ontario;  Paper  for  presentation  at  the  34th 
Ontario  Industrial  Waste  Conference 

7.  Ontaro    Ministry    of    the    Environment    May    1984,    Water    Management    Goals, 

Policies,  Objectives  and  Implementation  Procedures  of  the  Ministry  of  the 
Environment,  November  1978,  Revised  May  1984 

8.  Leppard   S.M.   January    1987,    Dialogue   on  Hamilton   Harbour,    Issue    #1    January 

1987,  Hamilton  Harbour  Stakeholder  Group 

9.  Personal   communication   with   G.K.    Rodgers   including   table   of   IJC    objectives 

entitled  Great  Lakes  Water  Quality  Agreement  Specific  Objectives  -  Basis 
and  Rationale 

10.  Poulton,  D.J.,  1987.    Trace  Contaminant  Status  of  Hamilton  Harbour.    Journal  of 

Great  Lakes  Research,  13(2):  193-201,  International  Association  of  Great 
Lakes  Research,  1987. 

11.  Zukovs  G.,  Rush  R.J.,  Gamble  M.,  (Canviro  Consultants  Ltd.),  1984,  Removal  of 

Hazardous  Contaminants  in  the  Hamilton  Water  Pollution  Control  Plant, 

Proceedings  Technology  Transfer  Conference  #  5,  November  27  ic  28, 
1984,  Part  1  General  Research,  Organized  by  The  Research  Advisory 
Committee,  Sponsored  by  the  Policy  and  Planning  Branch,  Ontario  Ministry 
of  the  Environment. 


2  -  1 


2.0  HARBOUR  USES 

2.1  Introduction 

The  purpose  of  Section  2  of  this  study  is  to  document  past  and  present  uses  of  the 
Harbour,  collect  information  on  users  and  patterns  of  use,  and  develop  water  quality 
and  other  requirements  which  support  the  proposed  future  uses  of  the  Harbour.  Data 
collected  in  this  section  will  provide  input  into  the  benefit  cost  framework  for 
evaluation  of  remedial  and  mitigative  measures  to  improve  water  quality,  aesthetics 
and  fish  and  wildlife  habitat.  It  will  provide  baseline  data  on  present  use  of  the 
Harbour  and  both  quantitative  and  qualitative  data  which  will  be  used  to  project  future 
use,  costs  and  benefits  of  remedial  actions  in  the  future  phases  of  the  project. 

Work  in  this  section  has  progressed  according  to  the  final  work  plan  as  outlined  in 
Section  1.    Tasks  in  this  section  include: 

•  an  inventory  of  existing  users  of  the  harbour,  patterns  of  use,  levels  of  use  and 
projected  use; 

•  confirmation  of  uses  defined  by  the  stakeholders; 

•  identification  of  projected  future  uses  and  the  extent  to  which  each  category  of 
use  will  be  affected  by  the  remedial  action  plans  to  improve  water  quality;  and 

•  outline  water  quality  and  other  factors  required  to  support  the  projected  future 
uses. 

In  addition  to  the  assessment  of  Harbour  Uses,  work  in  this  section  included  collection 
of  both  qualitative  and  quantitative  data  on  the  projected  uses.  These  will  provide  a 
basis  for  projecting  future  benefits  of  Harbour  uses  in  the  benefit  cost  analysis. 

Data  was  collected  from  existing  sources  where  they  existed,  but  primarily  through 
interviews  with  user  groups.  The  interviews  were  conducted  using  an  interview  guide. 
This  guide  was  designed  to  standardize  the  format  of  the  interview  while  allowing  the 
collection  of  additional  qualitative  information  which  will  provide  inputs  in  later  parts 
of  the  project. 
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2.2      Past  and  Present  Harbour  Uses 

An  inventory  of  the  past  and  present  uses  of  Hamilton  Harbour  was  conducted  and 
estimates  of  the  present  level  of  use  were  calculated.  Where  possible,  existing  data 
were  used;  however,  most  activity  groups  did  not  l<eep  strict  records  concerning 
facility  and  program  provision  either  on  number  of  users  or  the  level  of  use.  As  a 
result,  the  major  source  of  information  for  much  of  this  analysis  were  interviews  with 
representatives  of  the  providers  of  activities,  facilities  and  programs.  In  some  cases, 
verbal  information  on  participation  in  activities  was  acquired  through  this  method  and 
where  records  were  not  kept,  estimates  of  such  factors  as  frequency  of  participation 
were  solicited.  The  following  sections  summarize  the  level  of  use  of  the  Harbour  for 
recreational  boating,  fishing,  environmental  interpretation  and  outdoor  education, 
shipping  and  navigation,  waste  water  reception  and  industrial  water  supply. 

2.2.1  -  Recreational  Boating 

Data  on  recreational  boating  in  Hamilton  Harbour  was  collected  primarily  through 
interviews  with  officials  of  boating  clubs,  the  Hamilton  Harbour  Commission  and  the 
municipal  parks  and  recreation  departments  in  Hamilton  and  Burlington  (see  list  in 
Appendix  B).  A  series  of  questions  in  an  Interview  Guide  was  created  as  the  survey 
instrument  (see  Appendix  C).  This  survey  was  supported  by  additional  information 
from  existing  documents  (see  Appendix  D).  Estimates  of  the  level  of  use  of  the 
existing  facilities  were  made  using  capacity  estimating  methods  developed  in  the 
Ontario  Recreation  Supply  Inventory  (ORSI). 

2.2.1.1    -  Facilities 

A  number  of  types  of  facilities  were  inventoried  including  slips,  moorings,  ramps,  docks 
and  dry  sailing  storage.  Slips  and  moorings  are  used  primarily  by  large  sail  and  power 
boats  while  ramps  are  used  to  launch  mostly  smaller  boats,  the  majority  of  which  are 
power  boats.  A  summary  of  the  results  of  the  facility  inventory  is  presented  in 
Table  2.1. 

The  largest  single  provider  of  recreational  boating  facilities  is  the  Hamilton  Harbour 
Commission  which  has  space  for  480  boats  at  its  marina.  It  has  one  ramp  located  to 
the  west  of  the  marina.  Other  facility  providers  include  the  Hamilton  Yacht  Club, 
Macdonald  Marine  and  the  Burlington  Sailing  and  Boating  Club^\    Two  other  facilities 
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which  utilize  the  sculls  and  sailing  dinghies  but  no  slips  or  moorings.  A  second  gravel 
boat  ramp  is  located  at  Pier  4  Park. 

Location  of  these  facilities  is  identified  in  Figure  2.1.  All  but  one  of  the  recreational 
boating  facilities  inventoried  are  located  in  the  extreme  south-west  corner  of  the 
harbour  between  Pier  7  and  the  Hamilton  Island  landfill  site.  The  Burlington  Sailing  and 
Boating  Club  La  Salle  Park  Marina  is  the  only  marina  facility  located  on  the  north 
shore  of  the  bay. 

In  total  there  are  737  slips,  250  moorings  and  70  dry  sail  spaces  available  in  the 
harbour.  Of  these,  approximately  70%  are  occupied  by  sail  boats  and  30%  by  power 
boats.    Four  ramps  are  also  provided,  two  in  Hamilton  and  two  in  Burlington. 

The  above  facilities  are  utilized  primarily  for  sailing,  power  boating  and  rowing. 
Canoeing  and  kayaking  also  take  place  in  the  harbour.  A  boat  house  at  Pier  4  Park 
stores  canoes  for  the  Boy  Scouts  and  canoes  and  kayaks  are  launched  from  Princess 
Point.  However,  the  extent  of  these  activities  is  not  known  since  no  records  are  kept 
by  individual  recreationists  and  these  small  boats  do  not  require  large  facilities  which 
can  be  inventoried. 

2.2.1.2  -  Programs 

Learn  to  sail  programs  and  rowing  are  the  only  boating  programs  offered  which  use  the 
harbour  directly  (Power  Squadron  programs  use  existing  boats  not  specific  course  boats 
and  are  not  included  to  avoid  double  counting  those  boats).  Programs  offered  by  the 
various  sailing  clubs  are  listed  in  Table  2.2. 


TABLE  2.2 

NUMBER  OF  PERSONS  ENROLLED  IN 
PROGRAMS  OFFERED  IN  HAMILTON  HARBOUR 


Learn  to  Sail  Programs 


Offered  by: 

Adult 

Junior 

Other 

Total 

Hamilton  Harbour  Commission 

1,500 

-- 

1,000 

2,500 

Hamilton  Yacht  Club 

50 

50 

100 

Burlington  Sailing  and  Boating  Club 

120 

40 

-- 

160 

YMCA  Sailing  School 

90 

-- 

90 

Total: 

1,760 

90 

1,000 

2,850 

Rowing  Programs 

West  Leander  Boat  Club 

50* 

80** 

- 

130 

Adult  rowers  are  trained  and  coached  but  there  is  not  a  specific  program  length  as  in 
most  sailing  programs. 

These  are  high  school  programs  offered  as  an  after  school  sport. 


2.2.1.3  -  Level  of  Use 

The  measure  of  the  level  of  use  which  is  utilized  in  this  analysis  is  "user  days".  This  is 
the  product  of  the  number  of  users  and  the  number  of  occasions  of  participation  per 
user  per  year.    Data  collected  in  the  inventory  formed  the  basis  for  this  calculation. 

The  various  types  of  facilities  were  calculated  differently.  Slips  and  moorings  were 
assumed  to  house  one  boat  each,  and  the  average  party  size  is  3.5  persons  per  boat.^' 
In  the  Ontario  Recreation  Survey  (1977),  recreational  boaters  in  the  Hamilton- 
Wentworth  area  were  found  to  participate  an  average  of  seven  times  per  year."^^ 
Therefore,  the  987  slips  and  moorings  in  Hamilton  Harbour  used  for  a  summer  season  of 
120  days  would  produce  24,182  user  days.  The  maximum  capacity  can  be  calculated  for 
the  Harbour's  facilities  using  a  method  in  the  Ontario  Recreation  Supply  Inventory 
(ORSI).  This  method  would  yield  a  capacity  of  207,000  user  days  for  the  slips  and 
moorings  in  the  Harbour.  To  reach  this  capacity,  however,  boaters  in  Hamilton 
Harbour  would  have  to  average  60  days  of  use  per  year  or  210  user  days  per  year  per 
mooring.      The   previous   estimate,    using  the    Provincial   average    is   a    more   realistic 
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estimate  of  actual  participation,  while  the  ORSI  method  presents  the  potential  or 
maximum  capacity  of  the  facilities  to  provide  user  days. 

Boat  ramps  are  estimated  on  a  different  basis  than  slips.  Since  no  data  is  kept  for 
actual  use  of  ramps,  a  method  is  available  from  the  Ontario  Recreation  Supply 
Inventory  (ORSI)  for  estimating  use.  A  ramp  is  assumed  to  have  a  capacity  of  25  boats 
per  day.^  The  ramps  in  Hamilton  Harbour  were  reported  to  be  used  heavily  during  the 
summer  months. and,  therefore,  this  capacity  would  likely  be  reached.  It  is  assumed 
that  this  capacity  will  be  attained  approximately  50%  of  the  time  over  the  120  day 
summer  season.^'  Since  the  majority  of  boats  launched  at  ramps  are  smaller  (under  18 
feet),  party  size  is  estimated  at  2.5  persons.  '  Therefore,  the  four  boat  ramps  on 
Hamilton  Harbour  will  provide  15,000  user  days  of  boating. 

Program  participation  can  also  be  converted  to  user  days.  The  inventory  indicated  that 
2,760  persons  participated  in  learn  to  sail  programs.  While  program  length  showed 
some  variation,  the  majority  of  the  programs  offered  by  the  Hamilton  Harbour 
Commission  were  ten  sessions  in  length.  This  would  produce  27,600  user  days  of 
boating.  The  "Y"  sailing  programs  were  calculated  separately  because  their  program 
was  a  different  format.  The  90  members,  averaging  12  sessions  per  year,  would 
produce  1,080  user  days  of  participation.  A  total  of  28,680  user  days  would  result  from 
programs. 

Rowing  participation  can  be  estimated  based  on  information  from  the  inventory. 
According  to  the  Leander  Boat  Club,  approximately  50  active  rowers  train  daily  from 
April  to  August  (152  days)  and  three  days  per  week  from  September  to  October  (27 
days)  for  a  total  of  179  days  of  participation  per  person  per  year.  This  would  yield 
8,950  user  days  of  rowing  per  year. 

Based  on  the  data  from  the  facility  and  program  inventory,  the  quantifiable  use  of  the 
harbour  in  1987  for  recreational  boating  was  over  78,000  user  days.  This  total  does  not 
include  canoeing  and  kayaking  or  recreational  boaters  based  outside  the  harbour  who 
enter  and  use  the  harbour  occasionally.  It  is  therefore  an  underestimate  of  user  days 
of  activity.  The  above  estimate  was  based  on  an  average  annual  frequency  of 
participation  in  boating  by  each  participant.  The  actual  participation  could  be  higher 
although  it  will  not  likely  reach  the  maximum  capacity  of  the  facilities. 
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TABLE  2.3 

SUMMARY  OF  USE  ESTIMATES 
RECREATIONAL  BOATING 

Source  of  Number  of 

Estimate  User  Days  per  Year 

Moorings  and  Slips  24,182 

DrySailing  1,225 

Ramps  15,000 

Programs  28,680 

Rowing  8,950 


Total  78,037 

2.2.2  -  Fishing 

The  inventory  of  warm  water  fishing  activity  in  Hamilton  Harbour  explored  a  number 
of  potential  data  sources.  First,  the  Ministry  of  Natural  Resources,  Fisheries  Branch, 
was  contacted  to  access  data  from  the  Ontario  Angler  Survey  and  the  annual  Creel 
Surveys.  Neither  of  these  sources  provided  adequate  data  to  estimate  angling  activity 
in  Hamilton  Harbour.  According  to  MNR  sources,  the  Ontario  Angler  Survey  asked 
respondents  for  their  place  of  residence  and  body  of  water  fished.  Within  this  data 
base  Hamilton-Burlington  residents  could  be  cross-tabulated  with  Lake  Ontario  as  the 
water  body.    No  specific  data  was  available  for  Hamilton  Harbour,  however. 

Data  was  obtained  from  the  annual  creel  census  by  the  Ministry  of  Natural  Resources. 
None  of  the  locations  surveyed  were  within  Hamilton  Harbour  -  all  were  in  Lake 
Ontario.  Also,  the  creel  surveys  were  oriented  toward  only  cold  water  species  such  as 
salmon  and  trout. 

In  order  to  estimate  warm  water  fishing  activity  in  Hamilton  Harbour,  interviews  were 
held  with  individuals  in  Hamilton  and  Burlington  from  fishing  clubs,  fisheries  agencies, 
naturalist/environmental  groups,  boating  clubs  and  marinas.  The  result  of  this  survey 
was  a  base  of  anecdotal  data  on  location  and  degree  of  fishing  activity  in  the  harbour. 
Interview  respondents  were  asked  to  relate  locations  where  they  had  observed  fishing 
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activity,  the  time  of  the  week  and  season,  and  the  number  of  persons  fishing  at  that 
location. 

2.2.2.1  -  Observed  Fishing  Activity 

A  great  deal  of  fishing  activity  was  observed  in  Hamilton  Harbour  by  those  interviewed 
in  the  inventory.  A  summary  of  these  observations  is  presented  in  Table  2.4. 
Locations  are  shown  in  Figure  2.2.  Boat  clubs  and  marinas  surveyed  indicated  that 
some  members  had  boats  rigged  for  fishing.  These  boats,  however,  are  used  for  salmon 
fishing  in  Lai<e  Ontario  and  not  warm  water  fishing  in  Hamilton  Harbour  and  therefore 
these  are  not  considered  in  this  analysis. 

Most  fishing  talcing  place  in  the  harbour  can  be  characterized  as  urban  recreational 
fishing.  Almost  all  of  the  activity  observed  was  shore  fishing.  Although  adults  were 
observed,  a  large  number  of  those  observed  fishing  in  the  harbour  were  youths. 
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TABLE  2.4 
FISHING  ACTIVITY  OBSERVED  IN  HAMILTON  HARBOUR 


Location 

Princess  Point'*"" 
RBG  Nature  Centre 

Leander  Boat  Club  &  Dock'*' 
CNR  Pumphouse'*' 

Valley  Inn  Road  Bridge'^"" 

Burlington  Canal'*' 

Pier  4  Park  near  YMCA 
Sailing  School 

Macassa  Bay  Yacht  Club''" 

LasallePark'*' 

CCIWPier'^' 


11.  Mouth  of  Desjardins  Canal 

12.  Coote's  Paradise'^' 

13.  North  Shore  &  Other 
Locations'^' 


Sources: 

1) 
2) 
3) 
4) 
5) 
6) 


BarbMcKeen,  RBG 

Keith  Rodgers,  CCIW 

Kevin  Christenson,  City  of  Hamilton 

Norm  Robinson,  MBYC 

Vic  Cairns,  CCIW 

Ron  Agnew,  Bassmasters 

n/a  -  not  available 

*  -  assumed 


No.  of 

Anglers 

Observed 

2-3 

15 

.    10 


Day  of 

Week  and 

Season 

Summer  Weekend 

Peak  Summer 
weekend 

Summer  Weekend 


5 

Group  Fishes  3-5 

times/week 

25-30 

People  on  bridge 

on  spring  weekends 

3-5 

Summer  weekends 

15-20 

Spring  only 

3-4 

Summer  weekend 

2-3 

n/a 

10-30 

Typical  summer 

weekend 

2-3 

Typical  summer 

weekend 

2-3 

n/a 

1  boat (2)* 

n/a 

Weekend  tournament 
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Several  warm  water  and  cold  water  species  were  reported  caught  in  the  harbour  and 
are  listed  in  Table  2.5.  Grindstone  Creek  at  the  Valley  Inn  Road  Bridge  is  reported  to 
have  an  indigenous  trout  population  and  up  to  30  people  at  a  time  have  been  observed 
fishing  from  the  bridge  and  shoreline. 

TABLE  2.5 
FISH  SPECIES  CAUGHT  IN  HAMILTON  HARBOUR* 

1.  Brown  Bullhead 

2.  Carp 

3.  White  Sucker 
4  Pike 

5.  Largemouth  Bass 

6.  Smallmouth  Bass 

7.  Trout  (Brown) 

8.  Salmon  (Chinook  &  Pink) 
9-  Sunfish 

10  Sheephead 

11.  Smelt 

12-  Perch 

13  Crappy 

*  Species  listed  are  as  reported  by  interview  respondents. 

Fish  species  commonly  found  in  Lake  Ontario,  such  as  salmon,  rainbow  trout,  lake  trout 
and  sheepheads  have  been  caught  in  the  Burlington  Canal.  A  recent  bass  tournament  in 
the  harbour,  attended  by  eight  anglers,  yielded  31  largemouth  and  smallmouth  bass. 
Also  caught  were  a  chinook  salmon  and  several  pike.  The  most  common  species  caught 
throughout  the  harbour  are  carp,  bullheads,  pike,  perch,  sunfish  and  bass. 

2-2.2.2  -  Level  of  Use 

The  anecdotal  data  collected  through  the  interviews  are  not  representative  of  the 
population  in  general  and  should  not  be  considered  a  sample  based  on  the  level  of 
activity  of  various  days  of  the  week,  seasons  or  times  of  day.  The  observations 
recorded  in  the  previous  section  were  usually  the  number  of  people  observed  at  a 
particular  location  on  "a  summer  weekend",  a  "sunny  summer  day",  or  a  "weekend  in 
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the  spring".  Projecting  these  general  observations  to  a  full  year  is  difficult.  The 
accuracy  of  such  a  projection  would  depend  on  how  representative  the  individual 
observations  are  of  the  season-long  fishing  activity.  Care  should  be  exercised  in 
interpreting  this  data.    They  are  presented  here  for  discussion  purposes. 

The  majority  of  the  warm  water  fish  observations  were  summer  weekends.  If  the 
summer  season  is  assumed  to  be  June  21  to  September  21,  there  would  be  11  summer 
weekends.  An  estimate  of  user  days  could  be  made  by  multiplying  the  number  of 
summer  weekend  anglers  by  the  number  of  summer  weekends.  To  determine  the 
number  of  summer  weekend  anglers,  the  number  of  observed  anglers  is  multiplied  by  a 
turnover  rate  of  2^  and  by  the  number  of  days  in  the  weekend  (2).  From  the  inventory, 
67.5  anglers  were  observed  on  summer  weekends  (this  is  an  average  of  the  high  and  low 
ranges  stated).  The  resulting  level  of  use  is  approximately  3,000  user  days.  To  this  can 
be  added  the  spring  fishing  estimate  which  is  calculated  in  the  same  way  as  the 
summer  weekend  estimate.  If  the  spring  season  is  assumed  to  be  May  1  to  June  21, 
there  will  be  8  spring  weekends.  With  an  average  of  45  spring  weekend  anglers,  the 
resulting  use  level  is  approximately  1,500  user  days.  Also  reported  was  one  boat  (2 
anglers)  and  the  bass  tournament  (8  anglers).  Total  user  days  based  on  this  method  of 
estimation  from  the  observed  data  is  approximately  4,500  user  days  of  fishing  per  year. 

2.2.3  -  Environmental  Interpretation  and  Outdoor  Education 

The  number  and  extent  of  participation  in  environmental  interpretation  and  outdoor 
education  activities  was  determined  through  interviews  with  staff  at  the  Royal 
Botanical  Gardens,  the  Board  of  Education,  naturalist  clubs  and  Conservation 
Authorities  in  the  Hamilton-Burlington  area.  Interviews  probed  for  the  number  of 
programs  and  activities  offered,  number  of  participants,  frequency  of  use  and  location 
of  activities. 

In  the  context  of  this  report,  "environmental  interpretation  and  outdoor  education" 
includes  all  types  of  education  and  appreciation  of  the  natural  environment  of  the 
Harbour.  Interpretive  programs,  outdoor  education,  naturalist  outings,  appreciation  of 
wild  life  and  waterfowl,  and  water  ecology  study  are  all  included  in  this  category. 

2.2.3.1  -  Outdoor  activities  and  Programs 

The  most  important  provider  of  environmental  interpretation  and  outdoor  education 
opportunities  in  the  harbour  area  is  the  Royal  Botanical  Gardens.  Outdoor  opportunities 
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are  provided  through  the  complex  of  trails  which  winds  through  the  Coote's  Paradise 
wildlife  sanctuary.  The  sanctuary  includes  800  hectares  of  land  and  water,  and 
approximately  30  kilometres  of  trails.  Several  programs  are  offered  including  the 
following: 

•  The  Junior  Naturalist  program  involves  40-50  youths  who  participate  1-2  times 
per  month.  Two  to  three  guided  hikes  for  youths  15  and  over  are  offered  over  15 
weeks  in  the  summer. 

•  Royal  Botanical  Gardens  day  camp  include  four  one-week  day  camps  in  the 
summer.  Each  camp  can  include  15-25  children.  The  actual  number  who  are 
admitted  to  the  program  varies  from  year  to  year  and  depends  on  funding 
available  to  hire  staff. 

•  Guided  canoe  trips  are  provided  on  a  request  basis  for  church  groups,  scout 
leaders,  naturalist  groups,  hiking  groups  and  others.  These  trips  are  for  ages  5-16 
and  over.  Generally  2-3  trips  are  organized  per  year  but  there  have  been  as  many 
as  10  per  year  in  the  past.  In  1988,  up  to  12  trips  will  be  offered  as  a  regular 
program.    Typically,  2  canoes  participate  per  tour. 

•  Guided  hikes  for  scouts  and  guides  are  held  each  Saturday  morning  throughout  the 
school  year.    Groups  average  about  20  persons. 

•  A  Nature  Centre  provides  interpretive  displays  of  flora  and  fauna  found  in  the 
wildlife  sanctuary,  a  beehive  demonstration,  geology  displays,  and  aquaria  and 
terraria.  Although  exact  records  are  not  kept,  staff  at  the  Royal  Botanical 
Gardens  estimate  that  over  50,000  people  per  year  visit  the  Nature  Centre. 
Approximately  12,000  of  these  are  through  school  programs  and  38,000-40,000 
are  from  the  general  public. 

•  Programs  offered  in  conjunction  with  schools  provide  opportunities  for 
approximately  10,000  school  children  per  year. 

•  Public  education  and  interpretive  activities  for  the  general  public  through  a 
guided  program  involve  about  1,500  to  2,000  people  per  year. 

In  addition  to  the  organized  programs,  people  are  free  to  use  the  trails  in  the  nature 
sanctuary  at  any  time.    No  data  is  available  on  the  level  of  use  of  these  trails  but  the 
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Royal  Botanical  Gardens  staff  estimate  that  up  to  1,500  could  use  the  trails  in  the 
north  shore  at  one  time  on  a  summer  day.  They  also  estimate  that  use  of  the  trails 
may  be  up  to  10  times  the  level  of  use  of  organized  programs. 

The  second  largest  provider  of  environmental  interpretation  and  outdoor  education 
programs  is  the  Hamilton  Board  of  Education.  The  Board  has  two  nature  centres  with 
one  located  near  the  harbour  on  the  south  shore  of  the  Royal  Botanical  Gardens.  In 
total,  29,000  children  are  involved  in  outdoor  education  programs  with  approximately 
10,000  of  these  utilizing  the  harbour  area  at  the  Glen  Road  Nature  Centre. 

The  Hamilton  Naturalists  Club  also  provides  opportunities  for  outdoor  education 
through  its  interpretive  walks  and  outings.  The  club  has  over  500  members  with  about 
one-third  from  Hamilton,  one-third  from  Burlington  and  one-third  from  Dundas, 
Ancaster  and  other  areas.    Activities  organized  by  the  Naturalist's  Club  include: 

•  Duck  counts  which  involve  20-25  people.    These  are  held  2  to  3  times  per  year. 

•  Bird  outings.    Last  year  20  walks  were  held  with  15-25  persons  attending  each. 

•  An    environment    clean-up    day    is    held    annually    with    about    40-50    persons 
participating  in  the  harbour  area. 

•  A  pond  rehabilitation  project  to  eliminate  carp  from  a  wetland  involved   10-20 
people. 

2.2.3.2  -  Level  of  Use 

The  information  gathered  through  interviews  on  the  number  of  participants  and  in  some 
cases  frequency  of  use  were  used  to  estimate  the  total  number  of  user  days  of  outdoor 
education  activity. 

The  Junior  Naturalist  Program  involves  an  average  of  45  youths  for  approximately  two 
months  in  the  summer.  If  it  is  assumed  that  they  participate  twice  per  month,  then  180 
user  days  of  participation  result. 

The  4  day  camps  run  for  one  week  (5  days)  each,  and  last  year  involved  approximately 
15  children  each.    In  total  this  would  result  in  300  user  days  of  activity. 
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To  estimate  the  level  of  use  of  canoe  trips  it  can  be  assumed  that  3  trips  were  run  this 
year  with  2  canoes  and  6  persons.  In  total  about  20  user  days  of  canoeing  activity  are 
estimated. 

Guided  hikes  take  place  on  weekends  in  the  school  year  (approximately  40)  for  groups 
of  about  20  scouts  and  guides.  It  can  be  estimated  that  800  user  days  of  guided  hikes 
took  place  last  year. 

The  Nature  Centre  provides  opportunities  for  about  38,000  people  from  the  general 
public  and  12,000  school  children.  Interviews  indicated  that  people  generally  visit  once 
per  year.  Therefore,  the  level  of  use  of  the  Nature  Centre  is  approximately  50,000 
user  days. 

Board  of  Education  programs  provide  opportunities  for  10,000  children  at  the  Glen 
Road  Nature  Centre  in  the  harbour  area.  As  above,  It  is  assumed  that  these  children 
participate  once  per  year.    This  yields  10,000  user  days  of  participation. 

Use  of  programs  offered  by  the  Hamilton  Naturalist's  Club  were  estimated  using 
interview  information.  Duck  counts  this  year  (3  counts)  were  estimated  to  involve  25 
people  for  a  total  of  75  user  days.  The  20  bird  walks,  with  an  average  of  20 
participants,  would  provide  1,500  user  days  of  use.  Finally,  the  environmental  clean-up 
provided  about  50  user  days  and  the  pond  rehabilitation  project  about  30  user  days. 

Table  2.6  summarizes  the  estimates  of  use  of  the  harbour  for  outdoor  education.  The 
total  level  of  use  estimated  for  the  harbour  area  is  approximately  63,000  user  days. 
The  majority  of  this  is  provided  in  the  Nature  Sanctuary  at  Coote's  Paradise.  This 
estimate  includes  only  use  through  organized  programs.  It  does  not  include  casual 
unstructured  use  of  trails  which  could  not  be  accurately  estimated. 
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TABLE  2.6 

ESTIMATES  OF  USE  OF  HAMILTON  HARBOUR 

FOR  OUTDOOR  EDUCATION 

Program  User  Days 

Junior  Naturalists  ^^^ 

Day  Camps  ^0° 

Guided  Canoe  Trips  ^'^ 

Guided  Hikes  800 

Nature  Centre  '           50,000 

Board  of  Education  Programs  10,000 

Duck  Counts  ^^ 

BirdingWalks  1'500 


Environmental  Clean-Up 


50 


Pond  Rehabilitation  Project  20 


Total:  62,865 

2.2.4  -  Shipping  And  Navigation 

Commercial  shipping  has  continued  to  be  a  major  use  of  Hamilton  Harbour.  Bulk 
materials  are  transported  to  the  Stelco  and  Defasco  steel  mills,  and  containerized  and 
other  cargo  is  transferred  through  the  port  facilities.  Anchorage  for  lake  and  ocean- 
going ships  is  provided  with  11,570  metres  of  warehousing  and  88  hectares  of  storage 
land  is  available.  Recent  development  of  the  East  Port  Industrial  Park  along  the 
Hamilton  Beach  strip  will  increase  the  amount  of  industrial  land  and  wharf  space  on 
the  harbour  by  69  hectares. 

Shipping  activity  is  restricted  to  the  period  of  the  year  when  the  Harbour  is  free  of  ice. 
In  1986,  this  ice  free  period  ran  from  April  15  to  December  21. 

In  the  past  ten  years,  the  level  of  shipping  activity  in  the  harbour  has  fluctuated.  Since 
1922,  the  tonnage  handled  in  the  port  has  steadily  increased.  However,  due  in  part  to 
the  economic  downturn  in  1982,  shipping  has  decreased.    Table  2.7  shows  the  trends  in 
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tonnage  handled  in  the  harbour.  Tonnage  has  levelled  off  and  is  expected  to  remain 
relatively  stable  with  modest  yearly  increases. 

TABLE  2.7 
TONNAGE  IN  AND  OUT  OF  HAMILTON  HARBOUR 

Year        1965       1970        1975        1980        1986 

Tonnage 

Handled  10,100,000  12,900,000  14,200,000  14,300,000  10,780,862 

(Metric 

Tonnes) 

Source:  Hamilton  Harbour  Commissioners 

While  tonnage  processed  in  the  harbour  has  varied,  the  number  of  vessel  arrivals  has 
been  relatively  stable,  as  shown  in  Table  2.8.  This  reinforces  the  assertion  that  the 
port  activity  will  remain  stable  in  future  and  that  commercial  shipping  will  remain  a 
major  use  of  the  Harbour. 

A  recent  study  be  Sproule-Jones  (1987)  characterized  the  shipping  in  the  Port  of 
Hamilton.  Sproule-Jones  found  that  Hamilton  is  primarily  an  import  as  opposed  to  an 
export  port.  Exports  are  generally  less  than  7%  of  imports7).  Another  characteristic 
of  the  Port  is  that  the  tonnage  shipped  through  the  port  is  mostly  steel  inputs  imported 
by  Stelco  and  Dofasco.  These  products  are  generally  greater  than  80%  of  the  total 
port  tonnage^).  It  can  be  concluded  from  this  analysis  that  the  majority  of  shipping  in 
the  Port  consists  of  imported  steel  inputs  (dry  bulk)  to  the  Stelco  and  Dofasco  docks. 
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TABLE  2.8 
SHIPPING  TRENDS 

Total  Tonnage  Overseas  Tonnage  Vessel  Arrivals 

Year  (million  metric  tonnes)        (million  metric  tonnes)  (No.  of  Ships) 

1982  8.6  1.17  564 

1983  10.2  0.40  565 

1984  12.3  0.54  682 

1985  10.3  0.57  564 

1986  10.8  0.84  626 

Source:  Hamilton  Harbour  Commissioners,  Annual  report,  1986 

2.2.5  -  Wastewater  Receiving  Body 

A  major  use  of  Hamilton  Harbour  is  as  a  wastewater  receiving  body  from  both  point 
and  non-point  sources.  Effluent  from  municipal  sewage  treatment  plants  and  industry 
flow  into  the  Harbour.  As  well,  non-point  sources  such  as  storm  sewer  runoff  and 
agricultural  runoff  enter  the  Harbour.  It  is  an  important  use  and  will  continue  to  be  in 
the  future. 

Sources  of  wastewater,  pollutant  loadings  and  the  effects  of  these  loadings  on  water 
quality  and  aquatic  life  have  been  well  documented  in  previous  studies  such  as 
Hamilton  Harbour  Technical  Summary  and  General  Management  Options  produced  by 
the  Ministry  of  the  Environment.  Although  an  important  use  of  the  Harbour, 
wastewater  will  not  be  discussed  in  detail  in  this  study  since  it  has  been  the  major 
focus  of  previous  studies. 

2.2.6  -  Industrial  Water  Supply 

Harbour  water  is  used  for  industrial  processes  primarily  by  the  two  Steel  companies. 
Stelco  and  Dofasco  use  approximately  500  million  gallons  of  Harbour  water  per  day. 
This  use  has  been  discussed  in  previous  documents  and  will  not  be  elaborated  upon  in 
this  portion  of  the  study. 
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2.2.7  -  Other  Recreation  Activities 

Ice  boating  is  a  winter  use  of  the  Harbour.  This  activity  takes  place  primarily  in 
Coote's  Paradise.  Current  levels  of  use  of  the  Harbour  for  ice  boating  are  estimated 
based  on  interviews  with  local  participants.  Iceboaters  are  active  in  the  area  and  have 
held  regattas  in  the  past. 

The  season  for  iceboating  is  approximately  12  weeks  long,  running  from  the  first 
weekend  in  January  to  the  third  weekend  in  March  with  1  or  2  weekends  where  snow 
conditions  make  use  impossible.  It  is  primarily  a  weekend  sport.  Interviews  indicated 
that  an  average  weekend  would  see  about  30  iceboaters  on  any  one  day,  half  of  the 
iceboaters  are  local  and  half  are  from  outside  the  Region, 

Level  of  use  can  be  estimated  from  the  interview  data.  Assuming  10  weeks  of  snow- 
free  ice  and  30  iceboats  on  each  of  2  days  on  the  weekend,  and  an  average  of  1.5 
iceboaters  per  boat,  there  are  approximately  900  user  days  of  iceboating  per  year  on 
Hamilton  Harbour. 

Another  winter  sport  which  takes  place  on  the  Harbour  is  skating.  No  data  is  available 
on  current  levels  of  use.  Interviews  with  staff  at  the  Royal  Botanical  Gardens 
indicated  that  individuals  sometimes  skate  in  the  Coote's  Paradise  area.  No 
information  indicated  that  a  significant  amount  of  skating  takes  place  in  the  Harbour 
area. 

2.3      Public  and  Stakeholders'  Opinions 

Opinions  of  the  stakeholders  and  the  public  have  been  documented  in  previous  reports 
including  the  interim  report,  Hamilton  Harbour's  Water  Quality:  the  Stakeholder's 
Proposals  (1986).  Through  the  interviews  conducted  to  inventory  past  and  present  uses, 
many  of  the  stakeholder  groups  were  contacted  again  primarily  to  gather  information. 
However  these  interviews  also  served  to  confirm  and  focus  the  future  use  options 
specified  in  the  above  stakeholders'  report. 

The  interviews  with  stakeholder  groups  and  users  of  the  Harbour  demonstrated  that 
opinions  on  what  remedial  actions  were  needed  in  Hamilton  Harbour  varied  among  the 
user  groups.  However,  all  stakeholders  expressed  a  commitment  to  the  improvement 
of  Hamilton  Harbour  for  these  uses.  The  proposed  future  uses  of  the  Harbour  as 
specified  in  the  Stakeholders'  report,   represents  a  concensus  of  these  varied  views. 
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This  present  report  adopts  the  set  of  future  uses  for  Hamilton  Harbour  as 
representative  of  the  views  of  the  Stakeholders.  They  will  provide  the  basis  for  the 
analysis  of  both  present  and  future  uses,  and  the  analysis  of  costs  and  benefits  of  the 
Remedial  Action  Plans. 

2.4      Future  Uses 

2.4.1  -  Boating 

The  potential  use  of  Hamilton  Harbour  for  recreational  boating  was  assessed  using 
qualitative  data  derived  from  interviews,  and  estimates  of  potential  participation 
based  on  data  from  the  Ontario  Recreation  Survey  (ORS).  Interviews  were  conducted 
to  assess  both  present  and  potential  future  use  of  the  Harbour,  and  possible  effects  of 
improved  water  quality  on  use.  Data  from  the  ORS  was  used  to  estimate  the  total 
potential  participation  in  recreational  boating  by  residents  of  Hamilton  and  Burlington. 

Interviews  with  representatives  of  the  Hamilton  Harbour  Commission,  boat  clubs  and 
marinas  were  conducted  to  provide  qualitative  information  on  changes  in  use  created 
by  improvements  of  water  quality  in  the  Harbour.  The  analysis  addressed  a  number  of 
types  of  recreational  boating  including  sailing  (both  keelboats  and  dinghies), 
powerboating,  rowing  and  canoeing/kayaking. 

Several  conclusions  can  he  drawn  following  the  results  of  the  interviews.  The  level  of 
use  by  power  and  sailboats  will  not  be  affected  by  water  quality  so  much  as  by  the 
number  of  available  facilities.  Boat  club  and  marina  representatives  interviewed  felt 
that  improved  water  quality  would  not  have  a  major  effect  on  the  amount  of  boating 
use  of  the  Harbour  because  use  is  constrained  to  such  a  great  extent  by  lack  of 
facilities  and  access.  Although  the  effect  of  improved  water  quality  would  not  be 
manifested  until  the  access  and  facility  availability  is  improved  considerably,  it  is  still 
a  major  issue.  All  of  the  boating  groups  surveyed  identified  water  quality  as  a  major 
issue  and  an  area  where  improvements  is  required.  It  can  be  concluded,  however,  that 
improvement  in  water  quality  would  increase  the  quality  of  boating  experiences  in  the 
Harbour  and  therefore  the  amount  of  enjoyment  derived  from  the  experience. 

Water  quality  improvement  will  have  varying  levels  of  impact  on  the  different  types  of 
boating  activity.  The  levels  of  use  of  large  powerboats  and  keelboats  will  not  be 
affected  to  a  great  extent  because  body  contact  with  the  water  is  not  necessary. 
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Small  dinghy  sailing  is  constrained  somewhat  by  poor  water  quality.  Water  contact  is 
possible  since  small  sailboats  are  often  capsized.  Sailing  instruction,  which  usually 
involves  practice  of  capsizing  and  righting  procedures,  would  be  constrained  as  well. 
One  sailing  school  operator  indicated  that  because  of  poor  water  quality  in  the 
Harbour,  students  were  not  required  to  participate  in  capsizing  practice  in  the  water. 
Canoeing  and  kayaking  similarly  have  potential  for  water  contact  and  participation  is 
affected  as  a  result,  The  activity  most  affected  by  water  quality  in  the  Harbour  is 
boardsailing.  Boardsailors  are  usually  immersed  in  water  at  some  point  during  the 
activity.  Beginners,  in  particular,  spend  a  great  deal  of  time  in  the  water. 
Boardsailing  is  a  very  popular  and  growing  sport  throughout  Ontario.  Given  the  size 
and  sheltered  nature  of  Hamilton  Harbour,  the  level  of  boardsailing  activity  is  low. 
Some  boardsailing  activity  was  reported  by  those  interviewed;  however,  a  quantitative 
analysis  of  boardsailing  activity  was  not  possible  within  the  scope  of  this  study. 

Since  the  supply  of  facilities  and  access  to  the  Harbour  are  limited,  most  of  the 
boating  activity  identified  above  takes  place  in  locations  other  than  Hamilton  Harbour. 
With  water  quality  improvement  some  of  this  activity  could  be  attracted  to  the 
Harbour  when  the  quality  and  attractiveness  of  the  Harbour  equals  or  exceeds  that  of 
alternative  opportunities.  The  amount  of  boating  activity  which  will  actually  be 
diverted  to  Hamilton  Harbour  is  not  clear  at  this  time.  A  number  of  members  of 
Hamilton  Yacht  Club  are  residents  of  the  Toronto  area,  although  this  diverted  demand 
may  be  the  result  of  over-crowding  in  Toronto  and  the  sheltered  nature  of  Hamilton 
Harbour  rather  than  water  quality  or  the  relative  attractiveness  of  the  harbour. 

Future  development  of  recreational  facilities  on  the  Harbour  will  dramatically  increase 
the  supply  of  boating  opportunities.  The  Hamilton  Waterfront  Master  Plan  proposes 
development  of  facilities  which  will  alleviate  the  constraint  of  lack  of  facilities  and 
access.  The  plan  identifies  the  potential  to  expand  the  number  of  slips  and  moorings  on 
the  Hamilton  waterfront  by  as  many  as  1,205.  In  addition,  the  Master  Plan  calls  for  32 
visitors  slips,  a  dinghy  launch  area,  a  non-sail  small  boat  launch  area,  a  wharf,  a  canoe 
rental  area  and  boat  rentals  at  the  marina.  This  development  will  not  only  provide  a 
large  number  of  additional  long-term  moorings  for  recreation  boats,  but  also  improve 
access  for  day  use  boats,  and  allow  those  who  do  not  own  boats  to  participate  using 
rental  boats. 

Potential  participation  in  recreational  boating  by  residents  of  Hamilton  and  Burlington 
was  estimated  by  applied  the  rate  of  participation  found  in  the  Ontario   Recreation 
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Survey  (1977)  to  the  present  population.  Although  the  study  is  not  current  it  is  the 
most  comprehensive  survey  of  recreational  activity  undertaken  in  the  Province  to  date. 

The  Ontario  Recreation  Survey  (ORS)  indicated  that  11.2%  of  the  population  of 
Hamilton-Wentworth  Region  participates  in  recreational  boating  (sailing  and  power 
boating."^  Therefore,  a  total  of  60,500  recreational  boaters  are  estimated  for 
Hamilton-Wentworth  and  Burlington. •^'^^  Using  the  ORS  method  to  calculate  level  of 
use,  it  is  estimated  that-Hamilton-Burlington  residents  participate  in  1.7  million  user 
days  of  boating  per  year.     ' 

A  final  limit  to  participation  to  be  considered  is  the  size  of  the  Harbour  itself  and  its 
capacity  for  boating.  Using  the  ORSI  method  of  calculating  capacity,  the  Harbour  will 
allow  approximately  50,000  user  days  of  boating  per  year.  This  is  based  on  2,000 
hectares  of  open  water,  3.5  persons  per  boat  and  8  hectares  per  boat.  This  figure  may 
not  relate  directly  to  the  estimate  based  on  numbers  of  facilities  because 
facilities/boats  are  not  always  used  to  capacity,  boats  moored  in  the  Harbour  do  not 
necessarily  use  only  the  Harbour  itself  and  often  boating  can  and  does  take  place  at 
much  higher  densities  than  8  hectares  per  boat. 

2.4.2  -  Fishing 

The  future  use  of  Hamilton  Harbour  for  fishing  was  assessed  using  qualitative 
information  from  interviews  and  a  surrogate  analysis  of  fishing  patterns  in  a  similar 
urban  area.  Through  the  course  of  the  interviews  conducted  in  conjunction  with  the 
present  use  survey,  qualitative  information  was  collected  on  the  possible  effect  of 
improved  water  quality  on  the  level  of  fishing  activity  and  quality  of  fishing.  No 
surveys  have  previously  been  conducted  on  fishing  in  Hamilton  Harbour  and,  therefore, 
patterns  of  activity  for  the  area  are  not  known.  The  anecdotal  data  compiled  in 
Section  2.2.2  of  this  study  were  not  considered  an  adequate  base  for  projections  of 
future  use.  To  estimate  the  potential  level  of  use  of  the  Harbour  in  the  future, 
patterns  of  activity  of  urban  anglers  in  the  Metropolitan  Toronto  area  were  used  as  a 
model.  These  two  estimation  methods  will  combine  to  give  a  general  picture  of  the 
typical  effect  of  water  quality  on  fishing  in  the  Harbour  and  the  potential  level  of  use. 

Interviews  were  conducted  with  fisheries  biologists  and  representatives  of  curling 
clubs,  boating  clubs  and  naturalist  clubs.  The  result  of  these  interviews  was  a 
qualitative  assessment  of  the  potential  for  fishing  in  the  Harbour. 
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Through  the  interviews,  a  number  of  common  factors  were  identified  which  will  effect 
the  level  the  fishing  activity  and  quality  of  the  experience.  First,  water  quality  and 
fish  habitat  improvements  would  improve  the  quantity  and  quality  of  fish  stock  in  the 
Harbour.  The  amount  of  fishing  activity  in  the  Harbour  would  increase  as  the  numbers 
of  available  fish  increased.  More  popular  warm  water  sport  fish  such  as  smallmouth 
and  largemouth  bass,  pike  and  whitefish,  would  create  more  interest  among  anglers 
and,  therefore,  provide  more  fishing  activity  in  the  Harbour. 

A  second  factor  affecting  use  is  public  perception  of  the  Harbour.  The  present  public 
image  of  Hamilton  Harbour  is  poor.  Improvement  in  water  quality  and  development  of 
a  healthy  sport  fish  population,  in  conjunction  with  a  public  information  and  education 
program,  would  improve  the  public's  perception  of  Hamilton  Harbour.  With  a  change  in 
the  public  image  of  the  Harbour  would  come  an  increase  in  the  amount  of  fishing 
activity. 

A  third  factor  presently  limiting  the  level  of  use  of  the  Harbour  for  fishing  is  access. 
Any  increase  in  demand  for  fishing  in  Hamilton  will  require  improved  access  for 
anglers.  This  will  mean  more  boat  launching  ramps  and  public  access  to  the  shoreline 
for  shore  fishing  are  needed  to  satisfy  this  demand. 

While  the  above  qualitative  data  assisted  in  identifying  the  general  potential  for 
angling  in  Hamilton  Harbour  and  the  factors  affecting  use,  it  did  not  provide  any 
quantitative  assessment  of  that  potential.  In  order  to  estimate  the  potential  level  of 
fishing  activity,  a  surrogate  analysis  was  utilized.  The  surrogate  analysis  used  a  study 
of  urban  fishing  patterns  in  Metropolitan  Toronto  '  as  a  model  to  estimate  fishing 
activity  in  Hamilton  Harbour.  The  Toronto  study  was  particularly  useful  and 
appropriate  as  a  model  because  it  focussed  on  "urban  fishing".  Although  no 
demographic  data  was  available  to  assess  the  similarity  of  Toronto  and  Hamilton  area 
anglers,  the  characteristics  of  the  urban  fishing  populations  were  assumed  to  be  similar 
enough  for  such  a  comparison.  Boat  fishing  was  separated  from  shore  and  inland 
fishing  in  the  data.  This  differentiation  also  applies  to  Hamilton  Harbour  where  boat 
fishermen  were  found  to  fish  primarily  for  salmonids  in  Lake  Ontario  and  fishing  within 
the  Harbour  was  almost  entirely  shore  fishing.   "^^ 

In  the  Toronto  study,  51.7%  of  the  households  surveyed  had  a  household  member  who 
fished. ^^  Assuming  the  same  percentage  in  Hamilton-Wentworth  and  Burlington, 
there   are  potentially    101,177   anglers   in   the   area.   ^^      Of   the   population   who   were 
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anglers,  10%  fished  locally. -^^^  If  this  rate  is  applied  to  the  Hamilton-Burlington  angler 
population,  the  potential  population  fishing  in  the  area  can  be  estimated  at  10,118 
anglers.  From  the  Toronto  data,  it  was  not  clear  what  proportion  of  the  total 
population  were  boat  fishermen  or  shore  fishermen.  However,  the  portion  of  the  study 
which  surveyed  waterfront  sites  indicated  that  equal  numbers  of  shore  and  boat 
fishermen  were  surveyed. ^'^  It  is  assumed  that  recreational  fishing  in  the  Hamilton 
Harbour  will  be  primarily  shore  fishing  and  thus  50%  of  the  local  anglers  will  fish 
within  the  Harbour.  An  estimate  of  the  potential  number  of  local  anglers  fishing  in  the 
Harbour  is  5,059. 

In  the  same  study,  a  survey  of  inland  fishing  sites  was  implemented.  An  analysis  of  the 
results  of  that  survey  produced  an  estimate  that  the  average  angler  fished 
approximately  16  times  per  year.-^^^  This  is  a  very  rough  estimate  but  will  be  used 
here  in  the  absence  of  other  data.  Using  this  frequency  of  participation  it  can  be 
estimated  that  local  anglers  would  potentially  spend  80,944  user  days  fishing  in  the 
Harbour.  This  potential  demand  would,  of  course  be  constrained  by  access,  facilities 
and  the  number  and  quality  of  fish  available.  The  extent  to  which  these  factors  will 
limit  actual  fishing  activity  is  not  known.  Most  of  the  fishing  activity  identified  above 
takes  place  outside  of  the  Harbour.  With  water  quality  improvement  some  of  this 
activity  could  be  attracted  to  the  Harbour. 

A  comprehensive  analysis  of  potential  fishing  access  sites  is  not  possible  within  the 
scope  of  this  study.  The  full  extent  of  future  public  access  to  the  Harbour  shoreline  is 
not  sure  at  this  time  and  will  depend  on  public  policy  and  the  amount  of  development 
of  the  Harbour  for  recreational  purposes.  Only  a  qualitative  assessment  of  current 
development  plans  is  possible. 

The  Hamilton  Waterfront  Master  Plan  proposes  a  major  recreational  development  in 
the  Harbour  area.  This  proposed  development  would  encompass  much  of  the 
southwestern  part  of  the  Harbour  stretching  from  the  Hamilton  Harbour  Commission 
Marina  through  the  Desjardins  Canal  to  Princess  Point  in  Coote's  Paradise.  A 
designated  fishing  area  is  provided  on  the  "Hamilton  Island"  portion  of  the  site  although 
the  plan  calls  for  fishing  access  along  the  entire  waterfront.  If  this  level  of  access  for 
shore  fishing  is  provided,  access  should  no  longer  be  a  major  constraint  to  shore  fishing 
in  the  Harbour. 
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The  most  limiting  factor  constraining  sport  fishing  in  Hamilton  Harbour  is  the  number 
of  desirable  sport  fish  available.  At  present  most  of  the  fish  population  in  the  Harbour 
is  Carp.  Warm  water  sport  fish  species  such  as  pike,  large  mouth  bass  and  small  mouth 
bass  exist  in  very  small  numbers.  With  the  planned  developments  on  the  Hamilton 
Waterfront  to  improve  public  access,  the  number  of  potential  anglers  would  be  much 
greater  than  the  opportunities  provided  by  the  biological  resources  of  the  Harbour.  In 
other  words,  the  number  of  opportunities  to  fish  in  the  Harbour  will  be  limited  by  the 
number  of  fish  in  the  Harbour,  and  in  particular,  will  be  greatly  influenced  by  the 
number  of  fish  which  can  be  supported  by  the  remedial  and  mitigative  measures  to 
improve  fish  habitat. 

2.4.3  -  Environmental  Interpretation  and  Outdoor  Education 

Future  educational  use  of  the  Harbour  and  the  effect  of  water  quality  on  future  use 
was  assessed  using  qualitative  data  from  interviews  with  the  Royal  Botanical  Gardens, 
the  school  board  and  naturalist  groups. 

Interviews  with  representative  of  the  Royal  Botanical  Gardens  (RBG)  indicated  that 
the  total  number  of  people  using  programs  and  trails  at  Coote's  Paradise  and  the 
Botanical  Gardens  will  increase  slightly  as  a  result  of  improvements  in  water  quality. 
The  ultimate  level  of  use  of  RBG's  programs  is  constrained  by  funding  and  staffin.  The 
ultimate  level  of  the  RBG's  interpretive  facilities  and  trails  at  Coote's  Paradise  is 
constrained  by  the  carrying  capacity  of  the  area.  Several  trails  have  already  been 
closed  to  manage  the  amount  of  use  in  the  area.  However,  the  am.ount,  type  and 
quality  of  programming  would  be  affected  considerably  by  enhanced  water  quality  and 
wildlife  habitat.  More  plentiful  aquatic  vegetation  and  more  numerous  and  diverse 
wildlife  populations  would  provide  better  opportunities  for  environmental  educational 
programs  than  are  available  now.  Also,  better  water  quality  will  allow  program 
participants,  particularly  children,  to  have  more  direct  contact  with  water  and  the 
environment.  At  present,  concerns  about  water  quality  and  the  health  of  children  in 
the  programs  prevent  them  from  coming  in  contact  with  water  in  the  bay. 

The  increase  in  numbers  and  diversity  of  wildlife  resulting  from  water  quality  and 
habitat  enhancement  would  provide  more  opportunities  for  naturalist  clubs  as  well. 
With  more  wildlife  and  species  such  activities  as  Ducl<  Counts  and  birding  walks  could 
expand.  The  Hamilton  Naturalists  Club  indicated  that  the  Junior  Naturalists  program 
and  conservation  activities  were  areas  where  participation  is  growing.     Conservation 
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projects  such  as  wildlife  and  fish  habitat  enhancement  could  involve  these  ^oups  and 
provide  increased  opportunities  for  environmental  education  activities. 

There  is  potential  for  enhancement  of  wildlife  habitat  in  numerous  locations  in  the 
Harbour  area.  In  addition  to  Coote's  Paradise,  interviews  indicated  that  there  is 
potential  for  wildlife  habitat  in  the  area  near  the  Canada  Centre  for  Inland  Waters  and 
Windemere  Basin. 

2.4.4  -  Shipping  and  Navigation 

Information  to  assess  the  future  use  of  the  Harbour  for  commercial  shipping  and 
navigation  was  obtained  through  interviews  with  a  representative  of  the  Hamilton 
Harbour  Commission.  Data  on  past  trends  were  obtained  through  published  reports 
provided  by  the  Harbour  Commission,  previous  studies  and  qualitative  information 
obtained  through  interviews.  As  described  in  the  Past  and  Present  Uses  section  of  this 
report,  the  amount  of  shipping,  both  number  of  ships  entering  the  port  and  tonnage, 
have  levelled  off  in  recent  years.  In  the  future,  the  Harbour  Commission  expects  the 
amount  of  shipping  to  remain  relatively  stable  and  perhaps  increase  slightly.  This  is 
supported  by  a  recent  study  by  Sproule-Jones  (1987)  who  contend  that  the  type  and 
volume  of  shipping  should  not  change  significantly  in  the  next  15  years. 19) 

Use  of  the  Harbour  for  shipping  and  navigation  will  not  be  affected  by  improvements  in 
water  quality  and  habitat.  Although  environmental  controls  to  maintain  water  quality 
may  make  more  demands  on  the  Harbour  Commission,  the  shipping  industry  and  other 
industries  on  the  waterfront,  this  should  not  affect  the  amount  of  shipping  using  the 
Harbour.  Shipping  levels  are  more  likely  to  be  affected  by  facilities  offered  in  the 
port,  alternative  facilities  and  economic  conditions. 

2.4.5  -  Swimming  and  Water  Sports 

Future  use  of  the  Harbour  for  swimming  and  water  sports  was  assessed  through 
interviews  with  parks  and  recreation  departments  in  Hamilton  and  Burlington,  and 
conservation  authorities.  The  potential  number  of  swimmers  in  Hamilton  and 
Burlington  was  estimated  using  participation  rates  for  swimming  from  the  Canada 
Fitness  Survey. 

The  focus  of  this  section  will  be  on  swimming.  Other  water  sports  such  as  waterskiing 
and  boardsailing  are  considered  in  the  boating  section  of  Future  Uses.    Boardsailing  was 
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considered  together  with  boating  because  of  the  sport's  connection  with  sailing. 
Waterskiing  was  not  addressed  directly  because  the  sport  requires  the  use  of 
powerboats.  A  separate  calculation  for  potential  waterskiers  in  the  Harbour, 
therefore,  would  result  in  double  counting. 

Interviews  were  conducted  with  parks  and  recreation  departments  in  Hamilton  and 
Burlington  to  obtain  qualitative  information  on  potential  future  use  of  the  Harbour  for 
swimming.  The  Hamilton  Parks  Department  operates  only  one  waterfront  park,  Pier  4 
Park.  This  area  is  presently  not  suited  for  swimming.  Pier  4  Park  is  part  of  the 
proposed  Hamilton  Waterfront  development  which  will  include  a  swimming  area.  The 
Burlington  Recreation  Services  Department  operates  Lasalle  Park  (leased  from  the 
Harbour  Commission)  which  also  is  not  presently  suitable  for  swimming. 

Interviews  with  the  Hamilton  Region  Conservation  Authority  and  the  Halton  Region 
Conservation  Authority  indicate  that  neither  own  property  on  the  Harbour  and 
therefore  will  have  no  impact  on  future  use  of  the  Harbour  for  swimming. 

Swimming  is  not  a  present  use  of  Hamilton  Harbour.     Because  of  water  quality  and 

70) 
health  concerns,  swimming  has  been  prohibited  in  the  Harbour  since  the  1930's.   ^    As 

a  result,  no  agency  provides  public  beaches  on  the  Harbour. 

Most  of  the  Hamilton  waterfront  is  occupied  by  industry,  marine  operations  and 
transportation  facilities.  The  once  popular  "beach  strip"  is  now  being  developed  as  a 
new  industrial  park  and  series  of  wharfs.  The  result  of  this  long  term  development  of 
the  waterfront  is  a  lack  of  public  access. 

While  water  quality  is  a  constraint  to  swimming  in  the  Harbour,  a  major  constraint  to 
developing  future  swimming  opportunities  will  be  access.  One  development  which  will 
provide  public  access  to  the  waterfront  and  ,more  specifically,  will  provide  swimming 
opportunities  is  proposed  in  the  Hamilton  Waterfront  Master  Plan.  The  plan  calls  for  a 
5  acre  swimming  lagoon  developed  at  the  "Hamilton  Island"  landfill  site  at  the 
southwestern  end  of  the  Harbour.  Due  to  the  restriction  on  swimming  in  the  Harbour 
for  many  years,  public  access  to  the  Harbour  is  now  limited.  Future  use  of  the  Harbour 
for  swimming  will  depend  on  the  development  of  swimming  areas  such  as  the  proposed 
swimming  lagoon. 

The  potential  population  of  swimmers  in  Hamilton  and  Burlington  can  be  estimated 
using  statistics  from  a  study  of  physical  activity  patterns  in  Ontario  by  the  Ministry  of 
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Tourism  and  Recreation. ^^^  This  study  estimated  that  approximately  11%  of  the 
population  swims  each  year.  As  a  result,  it  can  be  estimated  that  there  are  about 
46,561  swimmers  in  Hamilton  and  Buriin^on^^^  Of  these  swimmers,  57%  would  swim 
approximately  11  times  per  year,  25%  would  swim  24  times  per  year  and  18%  would 
swim  32  times  per  year.^*^^  The  resulting  estimate  for  swimming  activity  among 
Hamilton  and  Burlington  residents  is  839,494  user  days  of  swimming. 

2.4.6  -  Wastewater  Receiving  Body 

Wastewater  reception  will  continue  to  be  a  major  use  of  the  Harbour  in  the  future. 
The  amount  of  use  is  dependent  on  sources  of  effluent  and  has  been  discussed  in 
previous  studies.  A  possible  change  in  this  use  would  occur  if  point  source  effluent 
were  diverted  to  Lake  Ontario  rather  than  being  discharged  into  the  Harbour. 
However,  indications  are  that  the  Harbour  will  continue  to  be  the  major  depository  of 
wastewater. 

2.4.7  -  Industrial  Water  Supply 

Use  of  water  large  volumes  of  water  from  the  Harbour  is  required  by  industrial 
process,  particularly  the  steel  industry.  Future  use  of  Harbour  water  for  industry  was 
confirmed  by  the  report  Hamilton  Harbour's  Water  Quality:  The  Stakeholder's 
Proposals  (1986).  Although  the  continued  use  of  Harbour  water  for  industry  is 
expected,  the  level  of  use  depends  to  a  large  degree  upon  the  size  and  type  of  the 
processes  operated  by  industry.  The  future  level  of  use  will  depend  more  on  the 
demands  of  those  industrial  processes  and  not  on  water  quality. 

2.4.8  -  Other  Recreational  Activities 

Recreational  activities  such  as  iceboating  and  skating  will  not  likely  be  affected  by 
remedial  and  mitigative  measure  to  improve  water  quality  in  Hamilton  Harbour.  The 
level  of  use  in  these  activities,  will,  however,  be  influenced  by  improvements  in  public 
access  to  the  shoreline  and  other  recreational  developments  on  the  waterfront  such  as 
the  development  of  the  Lax  Property  as  outlined  in  the  Hamilton  Waterfront  Master 
Plan. 
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2.5      Requirements  for  Future  Uses 

Requirements  for  future  uses  were  identified  using  existing  water  quality  guidelines. 
These  guidelines  set  out  standards  for  acceptable  levels  of  water  quality  to  support 
both  recreational  use  (swimming)  and  aquatic  life. 

Water  quality  requirements  for  recreational  use  are  set  by  the  Ministry  of  the 
Environment  (Provincial  Water  Quality  Objectives)  and  are  listed  in  Table  2.9.  These 
guidelines  pertain  to  recreational  activities  where  the  user  is  immersed  in  water.  The 
standards  are  generally  applied  to  swimming  but,  as  was  discussed  in  the  Future  Uses 
section  of  this  report,  water  sports  such  as  boardsailing  and  several  types  of  boating 
activities  have  varying  degrees  of  risk  of  water  contact,  and  so  these  standards  may 
apply  to  those  activities  as  well.  Boardsailing  should  require  the  same  water  quality 
standards  as  swimming.  Dingy,  sailing,  canoeing  and  kayaking  should  also  use  similar 
requirements  because  the  risk  of  immersion  of  the  user  in  water.  For  users  of  larger 
boats,  where  the  risk  of  water  contact  is  small,  stringent  water  quality  standards  are 
not  as  imperative. 

TABLE  2.9 
WATER  QUALITY  REQUIREMENTS  FOR  RECREATIONAL  USE 


Activity/Use 

Measure 

Requirement 

Swimming  (and  other 

Aesthetics 

Devoid  of  debris,  oil,  scum,  any  substance  which 

activities    requiring 

would  produce  and  objectionable  deposit,  colour, 

immersion  of  the  user) 

odour,  taste  or  turbidity 

PH 

6  5-85 

Water  clarity 

Sufficiently  clear  to  estimate   depth   and   see 
submerged  swimmers.     Secchi  disk  transparency 
of  1  2m 

Health  risk 

<  100  fecal  conforms  per  100  ml 

<  1000  total  coll  forms  per  100  ml 

Source:  Ministry  of  the  Environment 


Environmental  interpretation  and  outdoor  education  are  constrained  by  water  quality 
as  discussed  in  the  Future  Uses  section.  Programs  may  require  some  contact  with 
water  and  therefore  the  water  quality  guidelines  for  swimming  should  apply. 
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The  Provincial  Water*  Quality  Objectives  specify  guidelines  for  water  quality  for 
aquatic  life.  Water  quality  must  conform  to  these  standards  in  order  to  support  a 
healthy  fish  population.  The  water  quality  requirements  to  allow  use  of  the  Harbour 
for  fishing  are  listed  in  Table  2.10.  These  guidelines  would  also  apply  to  support  a 
healthy  wildlife  population. 

Requirements  other  than  water  quality  were  compiled  by  the  Study  Team  and  were 
outlined  in  Section  1.  All  recreational  uses  would  require  shore  line  improvement.  For 
boating  and  swimming,  shoreline  improvement  would  serve  to  improve  aethetics  and 
the  quality  of  the  recreational  use.  For  fishing,  and  environmental  education,  shoreline 
improvement  would  enhance  fish  and  wildlife  habitats.  These  improvements  would 
include: 


island  construction 

riprap  along  the  shoreline 

bank  stabilization 

development  of  gravel  beds 

provision  for  macrophyte  growth 

diking  to  separate  uses  (ie  pike  and  duck  habitats  separated  from  effluent). 

control  of  carp  populations 

development  of  environment   for  pike  reproduction  through  shoreline  grooming 

etc. 


2.6      Summary 


The  Phase  2  research  on  Harbour  uses  was  completed  and  summarized  in  the  foregoing 
eport.    Past  and  present  uses  of  the  Harbour  addressed  in  the  report  included: 

recreational  boating 

fishing 

environmental  interpretation  and  outdoor  education 

shipping  and  navigation 

wastewater  receiving  body 

other  recreational  uses 


These  uses  were  inventoried  and  baseline  data  was  collected. 


TABLE  2.10 
WATER  QUALITY  REQUIREMENTS  TO  PROTECT  AQUATIC  LIFE 


Activity/Use 


AQUATIC  LIFE 


Measure 


GENERAL  CONDITIONS 


AMMONIA  {NH3-N) 
Unionized 

CYANIDE 

DISSOLVED  OXYGEN 

OIL  &  GREASE 


TOTAL  PHOSPHOROUS 

•  To  avoid  nuisance  algae 

•  Protection  of  aesthetics 

•  To  prevent  excessive  plant 
growth 


TURBIDITY 
ARSENIC  (As) 
BERYLLIUM  (Be) 
CADMIUM  (Cd) 
CHROMIUM  (Cr) 
COPPER  (Cu) 
IRON(Fe) 
LEAD(Pb) 


Requirement 

Free  from  substances  attributable  to  man-caused  pomt-and 
non-point  source  discharges  m  concentrations  that: 
settle  to  form  objectionable  deposits 
flood  nuisance  as  debris,  scum,  oil  or  other  matter 
produce  objectionable  colour,  odour,  taste  or  turbidity 
harm  humans,  plants  or  animals 
produce  undesirable  aquatic  life  or  result  m 
dominance  of  nuisance  species 

0-02  mg/l 


0  005mg/l 
4-8  mg/l 

Should  not  be  present  in  concentrations  that: 

•  are  detectable  as  a  visible  film,  sheen  or  discolouration 

•  are  detectable  by  odour 

•  cause  tainting  of  edible  aquatic  organisms 

•  forms  deposits  on  shorelines  and  sediments  that  are 
detectable  by  sight  or  odour  or  are  deletnous  to 
aquatic  organisms. 


20  ug/l 

10ug/l 

30  ug/l 

SECCHIdisk  increase  of  10% 

100  ug/l 

11-1 100  ug/I 

0.2  ug/l 

100  ug/l 

5  ug/l 

300  ug/l 

5-25  ug/i 


Source:   Ministry  of  the  Environment 


TABLE  2.10 
WATER  QUALITY  REQUIREMENTS  TO  PROTECT  AQUATIC  LIFE 

Activity/Use                     Measure  Requirement 

MERCURY  (Hg) 

•  In  water  0.2  ug/l 

•  In  fish  .05  ug/l 

NICKEL(Ni)  25  ug/l 

SELENIUM  (Se)  100  ug/l 

SILVER  (Ag)  0.1  ug/l 

ZINC(Zn)  30  ug/l 

TOTAL  PCBs  0.001  ug/l 

T'-BHC  0.001  ug/l 

HEPTACHLOR  EPOXIDE  0.01  ug/l 

ALDRIN  0.001  ug/l 

ALPHA  &  HEPTACHLOR  •      0.001  ug/l 

MIREX  0.005  ug/l 

-                -     DDT                                ■  ■    .      •                                            0.003  ug/l 

ENDRIN  0.002  ug/l 

Source:   Ministry  of  the  Environment 
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Future  uses  addressed  in  the  report  included  the  above  present  uses  plus  swimming  and 
water  sports. 

A  number  of  gaps  in  data  were  encountered  which  bear  noting  for  future  study.  In 
particular,  data  on  the  extent  of  fishing  activity  in  the  Harbour  was  not  available  from 
existing  sources.  The  Ministry  of  Natural  Resources,  which  implements  angler  and 
creel  surveys  in  Lal<e  Ontario,  has  not  specifically  surveyed  Hamilton  Harbour.  Given 
the  importance  placed  on  the  revitalization  of  Hamilton  Harbour  and  the  considerable 
expenditures  expected,  surveys  both  of  fish  populations  and  angler  activity  should  be 
undertaken.  This  would  provide  baseline  data  to  monitor  the  results  of  the 
implementation  of  remedial  actions. 

Actual  use  of  the  Harbour  for  boating  was  estimated  using  standard  methods. 
However,  the  estimates  were  often  based  on  surveys  which  were  several  years  old  and 
provincial  averages.  A  household  survey  to  investigate  patterns  and  levels  of  use  of 
the  Harbour  would  have  allowed  for  more  reliable  estimates.  Also,  for  such  activities 
as  boardsailing,  iceboating  and  even  fishing,  no  local  data  was  available. 
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3.0  REMEDIAL  AND  MITIGATIVE  MEASURES 

3.1  Introduction 

The  purpose  of  this  phase  is  to  address  the  remedial  and  mitigative  measures  for 
Hamilton  Harbour.  The  capital,  operating  and  maintenance  costs  for  each  remedial 
and  mitigative  measure  are  summarized  in  this  report.  '  The  advantages  and 
disadvantages  of  each  remedial  and  mitigative  measure  is  assessed  and  summarized  in 
a  matrix  format  according  to  its  effectiveness  in  controlling  pollutants  and  achieving 
the  desirable  water  quality  for  the  identified  end  uses.  A  cost  effectiveness  analysis 
for  a  particular  set  of  remedial  and  mitigative  measures  is  then  undertaken. 

As  per  the  terms  of  reference,  a  remedial  measure  is  any  activity  which  will  reduce 
pollution  at  a  specific  source.  A  mitigative  measure  is  any  activity  which  will  enhance 
the  use  of  the  harbour,  but  does  not  necessarily  reduce  pollution. 

The  existing  pollution  loadings  to  Hamilton  Harbour  have  been  identified  and  quantified 
according  to  their  sources:  '  a)  point  sources  include  municipal  sewage  treatment 
plants  and  industrial  discharges;  and  b)  non-point  sources  such  as  combined  sewer 
overflow,  storm  water  runoff  and  Cootes  Paradise.  The  pollutants  discharged  or 
released  into  Hamilton  Harbour  are:  ammonia,  phosphorus,  suspended  solids,  bacteria, 
heavy  metals  and  toxic  contaminants.  Existing  standards  such  as  the  M.O.E.'s  water 
quality  management  guidelines  were  used  to  select  the  types  and  the  degree  of 
treatment  for  the  identified  pollutants. 

Mitigative  measures  for  Hamilton  Harbour  include:  improvement  of  water  quality; 
treatment  of  harbour  sediments;  shoreline  grooming;  habitat  development,  etc.  Both 
remedial  and  mitigative  measures  are  evaluated  in  terms  of  their  effectiveness  for 
pollutant  reduction  and  enhancement  of  harbour  end  uses  respectively. 

The  cost  effectiveness  analysis  is  presented  in  two  forms.  The  costs  of  implementation 
of  four  alternative  sets  of  remedial  and  mitigative  measures  (see  section  3.4)  are 
related  to  the  improvement  in  hypolimnetic  dissolve  oxygen  and  to  the  change  in  water 
clarity  and  the  associated  change  in  littoral  fish  habitat.  Then  the  costs  of 
implementation  of  another  set  of  mitigating  and  remedial  measures  (see  section  3.5) 
are  related  to  the  potential  yield  of  Northern  Pike  and  Large  Mouth  Bass. 
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3.2      Remedial  Measures 

Ammonia  and  phosphorous  from  both  point  sources  and  non-point  sources  are  identified 
as  major  pollutants  in  the  waters  of  Hamilton  Harbour.  ^^  These  pollutants  have  been 
quantified  according  to  source  so  that  types  and  degrees  of  treatment  could  be 
selected  and  determined.  Other  pollutants  such  as  bacteria,  suspended  solids  and  heavy 
metal  contaminants  are  only  briefly  addressed  in  this  report  because  of  limited  data 
available.  The  remedial  measures  considered  to  treat  phosphorus  and  ammonia  include: 
upgrading  aeration  tank  facilities;  installation  of  sand  filters  and  dual  point  chemical 
addition  at  municipal  sewage  treatment  plants;  and  modification  of  biological 
treatment  plant  and  blast  furnace  recycle  systems  of  steel  industry.  These  measures 
are  summarized  in  tabular  form  in  Table  3.1. 

3.2.1  -  Ammonia 

Oxidation  of  ammonia  to  nitrate  by  nitrifying  bacteria  in  a  natural  water  body  can 
cause  a  high  oxygen  demand,  resulting  in  dissolved  oxygen  depletion.  The  most 
effective  way  to  control  this  high  oxygen  demand  is  to  reduce  the  ammonia 
concentration  at  the  source. 

A)       Point  Sources 

The  point  sources  for  ammonia  that  enter  the  waters  of  Hamilton  Harbour  are 
the  effluents  from  municipal  sewage  treatments  plant  and  the  industrial 
discharges  as  outlined  following  and  illustrated  in  Table  3.1:   ' 

0         Hamilton-Wentworth  Sewage  Treatment  Plant 

The  Hamilton-Wentworth  Sewage  Treatment  Plant  (STP)  is  the  largest 
source  of  ammonia,  with  ammonia  loading  to  Hamilton  Harbour  of  5,500 
kg/d.  Ammonia  can  be  reduced  to  500  kg/d  by  increasing  the  sludge  age,  to 
promote  nitrification  in  the  activated  sludge  system.  This  requires  an 
increase  in  the  hydraulic  capacity  of  the  aeration  tanks  and  would  result  in 
an  increase  in  the  mixed  liquor  suspended  solids  concentration.  The 
Hamilton-Wentworth  STP  already  has  the  extra  hydraulic  capacity  needed 
for  improved  ammonia  removal,  but  will  require  the  additional  aeration 
capacity  needed  to  accommodate  the  higher  oxygen  demand.     The  capital 
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cost  for  upgrading  the  aeration  facilities  is  estimated  to  be  $3  million  with 
an  excepted  annual  operating  cost  of  approximately  $350,000.' 

An  alternative  that  could  be  used  to  reduce  ammonia  loadings  to  Hamilton 
Harbour  would  be  to  divert  the  sewage  treatment  effluent  discharge 
directly  to  Lake  Ontario.  The  associated  capital  costs  are  estimated  to  be 
between  $20-26  million,  depending  on  whether  the  effluent  is  discharged  2 
or  3  kilometres  from  the  shore.  The  annual  operating  costs  are  estimated 
at  $40,000.^) 

ii)        Burlington  Sewage  Treatment  Plant 

The  Burlington  Sewage  Treatment  Plant  discharges  approximately  630  kg/d 
of  ammonia  into  the  harbour.  Increasing  the  sludge  age  could  reduce  the 
ammonia  loading  to  200  kg/d.  This  would  require  an  increase  in  the 
hydraulic  capacity  of  the  aeration  tank  facilities.  The  capital  cost  for 
upgrading  the  aeration  tank  facilities  would  be  S6  million,  with  annual 
operating  and  maintenance  costs  of  approximately  3100,000.^ 

Diversion  of  Burlington  sewage  treatment  plant  effluent  directly  to  Lake 
Ontario,  in  the  same  manner  as  for  the  Hamilton-Wentworth  Sewage 
Treatment  Plant,  is  an  alternative  means  of  reducing  ammonia  loading  to 
Hamilton  Harbour.  The  capital  costs  associated  with  such  a  remedial 
measure  are  estimated  to  be  $18  million,  with  an  annual  operating  cost  of 


$20,000 


1) 


Hi)      Dofasco  Inc. 

Dofasco  Inc.  is  identified  the  third  largest  point  source  of  ammonia 
discharged  to  Hamilton  Harbour.  The  present  ammonia  loadings  from 
Dofasco  Inc.  are  370  kg/day.  Dofasco  Inc.  estimates  that  this  loading  will 
be  reduced  to  170  kg/day  by  1988,  by  diverting  the  effluent  from  the 
biological  treatment  plant  to  the  city  sewer  and  by  the  installation  of  a 
blast  furnace  water  recycle  system.  The  associated  capital  cost  for  these 
two  remedial  actions  would  be  $9  million.  ' 
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ivj      Stelco  Inc. 

The  present  treatment  facilities  at  the  Stelco  Inc.  site  discharge  an  effluent 
containing  156  kg/d  of  ammonia  to  the  Harbour. ^^  Additional  remedial 
measures  would  only  reduce  ammonia  loadings  from  156  kg/d  to  150  kg/d. 
The  cost  associated  with  this  ammonia  loading  reduction  are  estimated  to 
be  S4  million.  Any  other  possible  remedial  works  are  expected  to  have  a 
minor  effect  upon  further  reduction. 

B)        Non-Point  Sources 

Non-point  sources  of  ammonia  discharged  to  Hamilton  Harbour  include  combined 
sewer  overflows  (CSO)  and  storm  sewer  draingae  which  discharge  to  the  west  end 
of  the  harbour. ■'•^  The  CSO's  discharge  directly  to  the  harbour  and  to  Red  Hill 
Creek  and  Chedoke  Creek. 

i)        Combined  Sewer  Overflows  (CSO) 

Parts  of  the  City  of  Hamilton  are  served  by  a  combined  sanitary  and  storm 
sewer  system.  During  a  heavy  rainfall,  this  combined  sewer  system  will 
overflow  discharging  untreated  sewage  directly  to  the  Harbour.  The  sewer 
overflows  contribute  BOD,  ammonia,  bacteria,  phosphorus  and  suspended 
solids  to  thd  harbour  waters.  Some  twenty-six  overflow  points  of  discharge 
to  the  harbour  have  been  identified  but  most  of  the  discharge  occurs  at  12 
overflow  points.  These  points  mainly  service  the  Central  Business  District 
(CBD),  the  industrial,  and  the  East  Mountain.  The  former  two  points 
discharge  directly  to  the  Harbour  while  the  East  Mountain  discharges  to 
Red  Hill  Creek,  primarily  at  Greenhill  but  also  at  Albion  Falls.  Installation 
of  retention  basins  to  store  combined  sewer  overflows  at  the  12  main  points 
would  cost  $60  million  in  total.  After  a  storm  event  the  sewage  collected 
in  these  retention  basins  would  then  flow  by  gravity  or  be  pumped  to  the 
sewage  treatment  plant  for  treatment.  Ammonia  loadings  are  expected  to 
be  reduced  from  200  to  20  kg/day  if  this  remedial  action  is  implemented.^ 

There  is  one  additional  treatment  technique  available  to  control  CSO 
discharges.  A  computer  system  using  rainfall  data  could  be  used  to 
optimize  the  capacity  of  the  present  sewer  system  and  minimize  combined 
sewer  overflows.   ■  This   work  has  previously  been  researched   at   McMaster 
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University,  but  has  ceased  with  a  change  in  personnel,  McMaster  and  others 
have  developed  ongoing  research  programs  into  these  issues  (B.  Snodgrass 
personal  communication). 

ii)        Other  Diffuse  Sources 

Other  diffuse  sources  include  stormwater  runoff  from  separated  sewers, 
streams  (see  Table  1.3;  including  Red  Hill  Creek,  Grindstone  Creek,  Rambo 
Hager  Diversion,  and  Aldershot  Drain)  and  Cootes  Paradise. ^^  Many  of  the 
separated  sewers  discharge  into  these  creeks  or  into  Cootes  Paradise  and 
hence,  are  not  included  in  the  loading  estimates  for  separated  sewers.  CSO 
discharges  to  Red  Hill  Creek  have  been  separated  out  from  stream  loading 
estimates.  Agricultural  effects  on  the  streams  are  considered  to  be 
combined  with  urban  effects  in  the  loading  estimates. 

There  are  no  remedial  or  mitigating  measures  of  significance  which  have 
been  detailed  in  the  literature.  Furthermore,  these  sources  are  a  small 
component  of  total  ammonia  discharged  to  the  Harbour.  Accordingly,  these 
other  diffuse  sources  are  considered  to  be  a  result  of  urbanization  and  not 
directly  addressable  with  the  remedial  and  mitigating  measures  considered 
in  this  section. 

C)       Effectiveness  of  Remedial  Measures  for  Ammonia  Reduction 

Ammonia    loadings    before    and    after    implementation    of    alternative    remedial 
measures  are  summarized  in  Table  3.2. 
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TABLE  3.2 
AMMONIA  LOADINGSTO  HAMILTON  HARBOUR 


Source 

Loadings  in  1985* 
(kg/day  as  NH3-N) 

Loadings  after* 

Remedial  Measures 

(kg/day  as  NH3-N) 

Hamilton-Wentworth  STP 

5500 

500 

Burlington  5TP 

630 

200 

Dofasco 

370 

170 

Steico 

156 

150 

Hamilton  CSO 

200 

20 

Total 

6856 

1040 

Reduction 

- 

85% 

STP  =     Sewage  Treatment  Plant 

CSO  =     Combined  Sewer  Overflows 

(*  Refer  to  Table  3, 1  following  page  3-2) 


If  all  remedial  improvements  were  implemented,  the  total  ammonia  loadings  to  the 
harbour  would  be  reduced  by  85%  from  1985  levels  and  would  result  in  ammonia 
concentrations  in  the  harbour  of  less  than  0.5  mg/L  (M.O.E.  1985).  This  substantial 
reduction  in  ammonia  levels  would  allow  high  oxygen  levels,  which  would  in  turn 
enhance  harbour  water  quality.  If  ammonia  levels  in  the  harbour  are  maintained  below 
0.5  mg/L,  the  toxic  effects  of  ammonia  on  aquatic  life  will  be  mitigated.  But  as  noted 
below  (Sections  3.4  to  3.6),  oxygen  levels  are  expected  to  remain  low  even  with  this 
degree  of  denitrification,  due  to  the  high  oxygen  demand  created  by  plankton  and 
sediments.  Whether  ammonia  levels  of  0.5  mg/L  are  consistently  met  depends  on  the 
exchange  deficiencies.  An  assessment  of  the  toxicity  of  ammonia  is  presented  at  the 
end  of  Chapter  3.  The  implementation  requirements  of  the  proposal  remedial  action 
plans  for  ammonia  and  their  advantages  and  disadvantages  are  summarized  in 
Tables  3.3  and  3.4. 


3.2.2  -  Phosphorus 

Phosphorus  is  a  limiting  nutrient  for  algal  growth.  Light  and  hydrodynamic  factors 
limit  algal  growth  (Harris  et  al  1979)^^  often  exceeding  the  role  of  phosphorus  in 
controlled  algae  dynamics.     The  present  level  of  discharge  of  phosphorus  from  point 
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and  non-point  sources  to  Hamilton  Harbour  permits  excessive  algal  growth,  wiiich  in 
turn  reduces  light  penetration  essential  for  the  rooted  aquatic  plants.  Severe  algal 
growth  in  the  hypoiimnion  in  the  summer  can  also  deplete  dissolved  oxygen  to  a  critical 
level,  detrimental  to  aquatic  life. 

A)       Point  Sources 

Point   sources   for  phosphorus  are   the    municipal  sewage   treatment   plants  '   as 
detailed  below  and  tabulated  earlier  in  Table  3.1. 

0         Hamilton-Wentworth  Sewage  Treatment  Plant 

The  Hamilton-Wentworth  Sewage  Treatment  Plant  contributes  phosphorus 
loading  of  220  kg/d  to  the  harbour.  The  phosphorus  loadings  can  be  reduced 
to  93  kg/d  by  tertiary  treatment  consisting  of  sand  filtration  that  will 
remove  phosphorus  associated  with  suspended  solids  in  the  plant  effluent. 
As  an  additional  positive  feature  this  filtration  process  will  reduce  the  total 
suspended  solids  and  other  metals  being  discharged  to  the  harbour.  The 
capital  cost  for  the  sand  filtration  system  would  be  about  S35  million,  with 
annual  operating  and  maintenance  costs  of  approximately  $80,000. 


1) 


Dual  point  chemical  addition  in  conjunction  with  filtration  could  further 
reduce  the  phosphorus  loading  from  93  kg/d  to  31  kg/d,  at  a  cost  of  SI 
million  and  annual  operating  and  maintenance  costs  of  $30,000.  When  both 
filtration  and  dual  point  chemical  addition  are  used,  total  phosphorous  can 
be  reduced  by  86%.^^ 

An  alternative  remedial  measure  to  reduce  the  phosphorus  loading  from  the 
Hamilton-Wentworth  Sewage  Treatment  Plant  would  be  to  divert  the  plant 
effluent  discharge  directly  to  Lake  Ontario.  The  costs  associated  with  this 
alternative  are  included  in  the  cost  of  remedial  measures  for  ammonia 
reduction.  The  impact  of  the  diversion  of  this  sewage  effluent  to  Lake 
Ontario  is  not  available  and  is  not  addressed  in  this  report. 

ii)        Burlington  Sewage  Treatement  Plant 

Burlington  Sewage  Treatment  Plant  presently  discharges  47  kg/d  of 
phosphorus   to   Hamilton   Harbour.      To   reduce    the   phosphorus    loading   to 
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20  kg/d,  a  sand  filtration  system  could  be  used  which  in  turn  would  reduce 
the  suspended  solids  content  of  the  effluent.  This  method  would  cost 
$7  million,  and  have  annual  operating  and  maintenance  costs  of  S30,000.   ' 

An  additional  reduction  of  phosphorus  loadings  to  7  kg/d  can  be  achieved  by 
employing  dual  point  chemical  injection  in  conjunction  with  filtration.  The 
capital  cost  for  the  dual  point  chemical  injection  system  would  be  Si 
million.  The  total  phosphorus  reduction  resulting  from  the  filtration  and 
dual  point  chemical  injection  systems  would  be  85%.  ■' 

Again,  it  is  possible  to  divert  the  Burlington  sewage  treatment  plant 
effluent  directly  to  Lake  Ontario  to  reduce  phosphorus  loading  to  Hamilton 
Harbour.  The  costs  associated  with  this  alternative  are  included  in  the  cost 
of  remedial  measures  for  ammonia  reduction.  The  impact  for  the  diversion 
of  this  sewage  effluent  to  Lake  Ontario  is  not  available  and  is  not  addressed 
in  this  report. 

B)        Non-Point  Sources 

Non-point  sources  of  phosphorus  include  combined  sewer  overflows,  surface 
runoff,  streams  and  Cootes  Paradise-''  as  described  below  and  illustrated  in 
Table  3.1. 

i)        Combined  Sewer  Overflows 

During  a  heavy  rainfall,  the  combined  sewers  will  overflow,  discharging 
untreated  sewage  containing  phosphorus  directly  to  the  harbour.  As  noted 
above  the  installation  of  retention  basins  at  the  twelve  overflow  points 
would  store  these  overflows  during  storm  events  then  direct  them  to  the 
treatment  plant  for  treatment  later.  This  action  could  reduce  the 
phosphorus  loadings  from  the  current  levels  of  78  kg/d  to  5  kg/d.  The  costs 
associated  with  the  retention  facilities  are  included  in  the  remedial 
measure  for  ammonia. 

ii)        Runoff/Streams 

Surface  runoff  and  streams  transport  phosphorus  and  other  pollutants  such 
as  suspended  solids   and   possibly   toxic   chemicals  such   as   PCB's,   organic 
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chlorine  particles,  PAH's,  chlorinated  benzene  and  heavy  metals  (4). 
Remedial  measures  to  control  phosphorus  and  other  contaminant  loadings 
include:  protection  of  stream  banks  to  reduce  sediment  erosion,  changing 
farm  practices  to  reduce  erosion  (such  as  furrowing,  crop  rotation,  filling 
and  establishment  of  buffer  strips  to  plantings);  taking  more  care  on 
construction  sites  to  control  erosion  and  retention  ponds  to  reduce  peak 
stream  flows.  Based  upon  an  analysis  of  farming  practise  given  in  the  the 
Appendix  E,  it  is  assumed  that  control  of  surface  runoff/streams  would  help 
reduce  the  phosphorus  loading  by  50%  (from  80  kg/day  to  40  kg/day)  for  a 
total  annual  cost  of  SI. 5  million.  This  is  based  upon  a  net  farm  impact  of 
switching  conventional  row  crop  tillage  to  no  tillage  of  $25  per  acre. 
Further  analysis  of  these  estimates  of  control  and  costs  are  presented  in  the 
sensitivity  analysis. 

Hi)      Cootes  Paradise 

A  majority  of  remedial  measures  described  earlier  will  contribute  to  the 
clean-up  of  Cootes  Paradise.  These  measures  would  include  the  control  of 
creek  runoff,  provision  of  combined  sewer  overflow  retention  basins,  and 
point  source  control  of  effluent  discharges  from  the  Dundas  Sewage 
Treatment  Plant.  However,  the  impact  of  the  measures  on  controlling 
discharges  from  Cootes  Paradise  is  not  known  due  to  sediment  release  of 
phosphorus.  In  addition  a  variety  of  mitigative  measures  considered  later  in 
this  report  could  enhance  Cootes  Paradise  including  dredging  and  formation 
of  cells  for  fish/wildlife  habitat. 

Reduction  of  phosphorus  loading  to  Cootes  Paradise  could  be  accomplished 
by  installing  sand  filters  at  the  Dundas  Sewage  Treatment  Plant,  which 
would  effectively  reduce  loadings  from  7.3  to  2.7  kg/day. 

Further  phosphorus  reductions  can  be  achieved  at  the  Dundas  Sewage 
Treatment  Plant,  from  2.7  to  1.2  kg/day,  by  dual  point  chemical  injection 
prior  to  the  filtration  process.  The  total  phosphorus  loading  reduction  by 
the  two  treatment  processes  would  be  84%. 

An  alternative  remedial  measure  would  be  to  re-route  sewage  from  the  City 
of  Dundas  to  the  Hamilton-Wentworth  Sewage  Treatment  Plant. 
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The  costs  associated  with  each  remedial  measure  at  the  Dundas  plant  are 
not  provided  in  the  available  literature  and  where  necessary,  assumptions  of 
their  cost  are  made  as  detailed  in  Section  3.4.4. 

C)       Effectiveness  of  Remedial  Measures  for  Phosphorus  Reduction 

The  effectiveness  of  the  remedial  measures  considered  for  use  in  Cootes 
Paradise  influences  both  Hamilton  Harbour  and  Cootes  Paradise.  Therefore 
both  receptors  are  addressed  separately  as  two  entities  even  though  there  is 
some  transfer  of  phosphorus  loadings  between  the  two  due  to  hydrodynamic 
exchange. 

0         Hamilton  Harbour 

The  total  phosphorus  loadings  from  both  point  and  non-point  sources  before 
and  after  implementation  of  the  various  remedial  measures  are  summarized 
in  Table  3.5 

TABLE  3.5 
PHOSPHORUS  LOADINGS  TO  HAMILTON  HARBOUR* 


Source 

Loadings  in  1985 
(Kg/Day  as  P) 

Loadings  after 
Sand  Filtration 

(Kg/day  as  P) 

Loadings  after 

Dual  point 

Chemical  injection 

(Kg/day  as  P) 

Hamilton-Wentworth  STP 

220 

93 

31 

Burlington  STP 

47 

20 

7 

Hamilton  CSO 

78 

5 

5 

Runoffs/Streams 

80 

40 

40 

Total 

430 

163 

88 

Reduction 

-- 

62% 

80% 

(*         Reference:  Table  3.1) 


Sand   filtration   used    only    at    municipal    point    sources    and    reduction    of 
phosphorus  loadings  from  non-point  sources  by  50%  with  the  installation  of 
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retention  devices  and/or  structures  to  protect  stream  banks,  and  by 
changing  farm  practices  should  reduce  the  total  phosphorus  loadings  to  the 
harbour  by  62%.  Based  upon  M.O.E.  (1985)  assessments  this  should  reduce 
the  average  phosphorus  concentration  in  the  Harbour  to  about  34  mg/cu.m, 
a  concentration,  which,  is  still  above  the  Provincial  Water  Quality  guideline 
of  20  mg/cu.m  (M.O.E.,  1985).  This  proposed  action  does  not  take  into 
account  any  future  increased  sewage  flow  which  will  contribute  to 
phosphorus  loading.  Based  upon  M.O.E.  (1985)  relationships,  this  reduction 
of  phosphorus  levels  in  the  Harbour  by  the  remedial  measures  considered, 
will  only  reduce  the  annual  algal  growth  by  15  to  35%,  and  may  not  result  in 
any  noticeable  improvement  in  water  quality. 

Phosphorus  concentrations  in  sewage  treatment  plant  effluents  can  be 
reduced  to  0.1  mg/L  by  employing  dual  point  chemical  addition  in 
conjunction  with  filtration.  A  phosphorus  concentration  in  the  sewage 
treatment  plant  effluents  of  0.1  mg/L  coupled  with  a  50%  reduction  from 
soil  erosion  and  95%  reduction  of  combined  sewer  overflows  should  reduce 
phosphorus  loadings  to  the  Harbour  to  89  kg/day;  using  M.O.E.  (1985) 
relationships,  this  should  give  an  average  phosphorus  concentration  in  the 
Harbour  of  about  23  mg/cu.m.  The  clarity  of  Harbour  water  would  be 
expected  to  improve  with  Secchi  disc  depth  readings  of  1.5  to  2.0  metres 
and  the  hypolimnetic  oxygen  demand  from  algae  would  be  reduced  by  40  to 
60%. 

An  additional  remedial  action  would  be  to  divert  the  sand  filtered  treated 
sewage  treatment  plant  effluents  directly  to  Lake  Ontario,  with  the 
reduction  of  combined  sewer  overflows  and  a  50%  loading  reduction  from 
runoff/streams.  This  combined  action  would  reduce  phosphorus  input  to  the 
harbour  to  about  50  kg/day.  The  phosphorus  concentration  in  the  Harbour 
of  about  19  mg/cu.m  using  M.O.E.  (1985)  relationships  would  meet  the 
Provincial  Water  Quality  guidelines.  Under  these  conditions  M.O.E.  (1985) 
relationships  suggest  that,  water  clarity  would  be  greatly  improved,  with 
Secchi  disc  depth  reading  of  2.0  to  2.5  metres,  and  the  about  a  70% 
reduction  in  oxygen  demand  from  algal  growth.  However  this  alternative, 
the  discharge  of  sewage  treatment  plant  effluents  directly  to  Lake  Ontario, 
would  require  study  to  assess  its  impact  on  the  water  quality  in  the  Lake. 
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Various  reductions  in  total  phosphorus  and  improvements  in  water  clarity 
have  been  suggested  above  are  based  upon  literature  estimates  (e.g., 
M.O.E.,  1985).  Actual  imporvements  are  computed  in  Sections  3.4  -  3.5  tor 
a  series  of  remedial  and  mitigating  measures;  these  calculations  based  upon 
a  eutrophication  (algal-nutrient  dynamics)  model  may  differ  from  the  above 
assessments.  Where  differences  occur,  they  result  from  non-linearities 
considered  in  the  model  and  not  considered  in  the  literature  assignments. 

ii)        Cootes  Paradise 

Phosphorus  loading  from  the  Dundas  Sewage  Treatment  Plant  to  Cootes 
Paradise  during  the  critical  algal  growing  season  is  7,3  kg/day  (MOE,  1985). 
With  the  installation  of  the  sand  filters,  the  phosphorus  loading  would  be 
expected  to  be  reduced  to  2.7  kg/day,  achieving  a  63%  phosphorus  loading 
reduction. 

The  available  phosphorus  loading  from  the  run-off/streams  to  Cootes 
Paradise  during  the  critical  algal  growing  season  is  estimated  to  be  about 
3.4  kg/day. ■'■^  Further  studies  to  identify  the  sources  of  this  phosphorus  are 
needed  before  remedial  measures  can  be  defined.  Contribution  of 
phosphorus  from  the  run-off/streams  could  be  reduced  by  50%  to 
1.7  kg/day,  by  implementing  remedial  measures  for  non-point  sources. 

Phosphorus  loadings  from  Hamilton  Harbour  are  estimated  to  be  about 
2  kg/day  (M.O.E.,  1985).  Cootes  Paradise  would  be  expected  to  receive  a 
phosphorus  loading  of  about  0.7  kg/day  from  Hamilton  Harbour  if  all 
remedial  measures  previously  identified  are  implemented.  The 
implementation  of  these  measures  would  result  in  a  50%  Phosphorus  loading 


reduction 


1) 


Phosphorus  loadings  from  the  Hamilton  combined  sewer  overflows 
contributing  to  Cootes  Paradise  during  the  critical  algal  growing  season  are 
estimated  to  be  1.6  kg/day.  Installing  retention  facilities  to  retain  the 
combined  sewer  overflows  could  reduce  the  phosphorus  loadings  to  less  than 
0.1  kg/day  or  a  94%  reduction  from  the  original. 

The  phosphorus  loading  to  Cootes  Paradise  during  the  critical  algal  growing 
season  could  be  reduced  from  14.3  kg/day  to  about  5  to  6  kg/day  if  remedial 
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measures  were  implemented.  The  phosphorus  concentration  in  Cootes 
Paradise  could  be  expected  to  decrease  to  about  58  mg/cu.m,  which  is  still 
well  above  Provinical  Water  Quality  guidelines.  The  turbidity  caused  by  the 
expected  decrease  of  algal  growth  would  be  reduced  by  about  40%. 
However,  since  much  of  the  turbidity  is  caused  by  wind  induced  erosion  of 
bottom  sediments,  the  overall  improvement  in  water  clarity  will  be  much 
less. 

The  addition  of  dual  point  chemical  injection,  in  conjunction  with  filtration 
at  the  Dundas  Sewage  Treatment  Plant  would  reduce  phosphorus  loading 
further  to  about  1.2  kg/day.  The  resultant  phosphorus  concentration  in 
Cootes  Paradise  would  be  about  38  mg/cu.m  (M.O.E.,  1985).  The  turbidity 
caused  by  the  expected  decrease  in  algae  would  be  by  about  50%  less  than 
present  levels. 

Diversion  of  sewage  from  Dundas  to  the  Hamilton  sanitary  sewers  would 
reduce  the  total  phosphorus  loading  to  Cootes  Paradise  to  about  2.5  kg/day 
during  the  critical  algae  growing  season.  The  phosphorus  concentration  in 
Cootes  Paradise  would  then  be  about  28  mg/cu.m,  with  turbidity  reduced  by 
about  60%.^) 

Remedial  measures  to  control  soil  erosion  include:  the  use  of  settling 
basins  for  construction  site  runoff;  the  use  of  storm  retention  basins  for 
peak  storm  flow  reduction,  the  installation  of  rip  rap  on  creek  beds  and 
banks  susceptible  to  erosion,  and  modifying  farm  practices  to  minimize  soil 
loss.  These  remedial  measures  would  reduce  suspended  solids  loading  to  and 
turbidity  of  Cootes  Paradise. 

The  implementation  requirements,  and  the  advantages  and  disadvantage  of  all  these 
remedial  measures  are  summarized  in  Table  3.3  and  3.4. 

3.3      Mitigative  Measures 

Remedial  measures  that  are  implemented  may  take  a  few  years  to  meet  the  water 
quality  criteria  goal  for  the  desired  end  use.  Mitigative  measures  that  could  enhance 
the  use  of  the  harbour  are  described  following  and  include:  oxygenation  and  chemical 
treatment  of  harbour  waters;  chemical  treatment,  physical  sealing  and  dredging  of 
harbour  bottom  sediments;  and  dyking,  shoreline  grooming,   habitat  development  and 
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Carp  control  in  Cootes  Paradise.  The  mitigative  measures^  are  summarized  in  tabular 
form  in  Table  3.6.  The  effectiveness  of  each  mitigative  measure  is  also  discussed  in 
this  section. 

3.3.1  -  Treatment  of  Harbour  Waters 

a)        Oxygenation  of  Harbour  Water  and  its  Effectiveness 

Oxygen  addition  to  harbour  waters  would  provide  a  desirable  level  of  dissolved 
oxygen  for  aquatic  life,  enhance  biodegradation  of  organic  pollutants  in  the  water 
column,  and  reduce  the  toxicity  of  the  heavy  metals  re-introduced  from  the 
sediments.  Oxygenation  of  harbour  water  can  be  achieved  by  destratification  or 
hypolimnetic  aeration. 

A  destratifying  action  causes  full  vertical  circulation  of  the  water  which  will 
destroy  thermal  startification  but  enhance  the  exchange  of  oxygen  at  the  water 
surface.  Other  variations  of  destratification  involve  injecting  air  and  water  down 
through  one  tube  of  a  twin  shaft  system  anchored  into  the  lake  bottom.  Oxygen 
dissolution  is  enhanced  under  hydrostatic  pressure  at  the  bottom  of  the  shaft  and 
the  oxygenated  water  passes  back  to  the  lake  through  other  tube  by  the  lifting 
action  of  the  undissolved  portion  of  the  air.  This  destratification  process  would 
cause  warming  of  the  hypolimnetic  water  which  has  an  undesirable  effect  on  fish 
habitats,  particularly  in  the  summer.  Cost  estimates  for  destratification  by  air 
injection  were  made  in  the  early  1970's  for  the  Hamilton  Harbour  experiment  but 
have  not  been  updated. 

Hypolimnetic  aeration  is  typically  achieved  by  air  bubbling.  Using  this  method, 
oxygen  is  introduced  gently  without  destratifying  the  water  column,  thereby 
preventing  the  mixing  of  bottom  water  with  the  warm  surface  water. 
Hypolimnetic  aeration  enables  the  bottom  water  to  remain  at  its  normal 
temperature  resulting  in  a  smaller  oxygen  demand  from  bottom  sediments  and 
maintaining  fish  habitat.  It  is  estimated  Hamilton  Harbour  requires  40  tonnes  of 
oxygen  per  day  over  a  128  day  period  from  mid-summer  to  mid-fall,  during 
periods  of  low  dissolved  oxygen.  The  requirement  of  40  tonnes  of  oxygen  per  day 
required  is  based  on  the  assumption  that  the  remedial  actions  described  earlier  to 
reduce  nutrient  loadings  from  sewage  treatment  plants  are  not  implemented. 
The  capital  cost  for  this  option  are  estimated  to  range  from  $4  to  S40   million, 


:  z  a      z  z  a 


E    E   E        o  c 


r   ;:    i    c 


fill 

C  k^  m       ^         p 


■3     „ 


■u  i 


C  J)  —  O    £ 


st-?slg 


^      o  u 


r  H  »-) 


:  =  O  w  tr  a 


c         m    D   £ 


15 


with  an  annual  operating  costs  of  $205,000.  ^  This  oxygenation  rate  of  40  tonnes 
per  day  would  ensure  that  the  sediment  oxygen  demand  is  also  satisfied. 

Hypolimnetic  aeration  by  direct  oxygen  injection  using  diffusers  has  been 
estimated  to  be  the  least  expensive  and  most  efficient  process  for  oxygenating 
the  hypolimnion^'.  Sediment  resuspension  and  water  column  destratification 
were  not  observed.  Diffusers  do  not  interfere  with  navigation.  Capital  and 
operating  costs  for  hypolimnetic  oxygen  injection  together  with  different  options 
of  additional  treatments  for  sewage  treatment  plant  effluent  are  given  in 
Table  3.6. 

Implementation  requirements,  advantages  and  disadvantages  of  this  mitigative 
measure  is  illustrated  in  Table  3.7  and  3.8a. 

b)  Lime  Application  and  its  Effectiveness 

Lime  addition  to  harbour  waters  would  bring  about  phosphorus,  heavy  metals, 
algal  and  suspended  solids  precipitation.  The  precipitation  process  would 
partially  restore  the  clarity  of  the  water,  thus  enhance  light  penetration  for 
rooted  aquatic  plants,  and  possibly  increase  algal  growth.  Lime  addition  has  a 
highly  negative  impact  if  the  pH  is  raised  too  much. 

Sealing  the  sediments  with  lime  would  result  in  precipitation  of  toxic  metals  as 
well  as  prevent  toxic  metals  from  re-entering  the  water  column.  Periodic 
treatment  of  the  harbour  water  would  be  required  on  a  continuing  basis  to 
minimize  the  return  of  contaminants  from  the  sediments  until  the  sediments  are 
completely  buried  with  fresh  clean  sediment.  The  use  of  this  measure  might  be 
an  inexpensive  alternative  to  dredging  and  disposal  of  contaminated  sediments. 
Lime  treatment  requires  capital  costs  only  for  the  application  boats.  The 
operating  costs  would  be  approximately  $100,000/yr. 

The  implementation  requirements  and  advantages  and  disadvantages  of  lime 
addition  are  shown  in  Tables  3.7  and  3.8a  respectively. 

c)  Iron  Treatment  of  Harbour  Waters  and  its  Effectiveness 

Addition  of  ferrous  or  ferric  compounds  to  the  harbour  waters  would  bring  about 
precipitation  of  phosphorus  and  heavy   metals  (Table  3.8a).      Oxygen   mediated 
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precipitation  of  metals  could  be  more  effective  if  more  reactive  iron  compounds 
were  added  to  the  Harbour  waters.  The  apparent  low  rate  of  phosphorus  release 
from  the  Harbour  bottom  sediments  is  probably  a  reflection  of  the  high  iron 
concentration  in  the  sediments  which  resulted  from  the  large  historical  iron 
loadings  to  the  harbour. 

The  implementation  requirements  and  advantages  and  disadvantages  of  iron 
treatment  are  shown  in  Tables  3.7  and  3.8a  respectively. 

d)        Nitrate  Treatment  and  its  Effectiveness 

Increasing  the  nitrate  concentration  in  harbour  waters  would  oxidize  the 
sediments.  This  could  suppress  the  sediment  oxygen  demand  to  some  degree  by 
reducing  the  flux  of  reduced  cations  from  the  anaerobic  sediments  although  this 
effect  is  small  (Walker,  1986)-'-'^\  It  may  increase  the  phosphorus  flux  due  to  the 
increase  in  the  combined  thickness  of  the  aerobic/anoxic  zone;  it  may  decrease 
the  phosphorus  flux  from  sediments  due  to  increases  in  the  diffusional  path 
length.  A  model  such  as  that  of  Klapwijk'^'  is  required  to  assess  the  actual 
impact. 

Nitrification  of  sewage  treatment  plant  effluents  will  cause  an  addition  of  nitrate 
to  the  Harbour,  causing  an  indirect  treatment  source  for  the  sediments.  Other 
sources  of  nitrate  addition  involve  the  direct  addition  of  nitric  acid  or  sodium 
nitrate.  The  environmental  consequences  of  these  treatments  are  reviewd 
elsewhere  (e.g.,  Beak,  1987  for  Bay  of  Quinte).     ' 


3  -  17 

3.3.2  -  Treatment  of  Harbour  Sediments 

a)  Lime  Treatment  and  its  Effectiveness 

Lime  treatment  of  harbour  sediments  would  be  more  effective  to  precipitate 
iron,  copper,  lead  and  zinc  than  undertaking  that  treatment  in  a  water  column. 
Sealing  the  sediments  with  lime  would  prevent  toxic  metals  from  re-entering  the 
water  column.  Periodic  treatment  of  the  water  column  with  lime  for  aesthetic 
reasons  would  ultimately  provide  a  physical  and  chemical  barrier  to  seal  the 
sediments.  Thus,  lime  treatment  would  be  the  most  effective  means  of 
controlling  sediment  pollutants  without  causing  other  side  effects  ^  The 
advantages  and  disadvantages  of  this  methods  and  others  is  shown  in  Table  3.8b. 

The  major  disadvantage  of  the  method  is  that  lime  precipitation  does  not  lower 
phosphorus  and  metal  concentrations  as  much  as  iron  and  aluminum  salts.  This 
has  resulted  in  these  other  salts  being  preferable. 

b)  Nitrate  Injection  and  its  Effectiveness 

Direct  injection  of  nitrate  into  the  sediments  would  result  in  oxidation  of  the 
sediment  and  satisfy  some  of  the  sediment  oxygen  demand.  This  action  will 
reduce  the  oxygen  demand  in  the  overlying  water  by  the  sediment.  Oxidation  of 
ammonia  to  nitrace  by  the  nitrifying  bacteria  in  the  sewage  treatment  plant 
would  be  a  good  source  of  nitrate  for  the  sediment  treatment.  The  cost  of  direct 
application  of  nitrate  to  the  sediment  compared  to  its  cost  of  discharge  to  the 
water  column  may  outweigh  any  advantages  of  direct  sediment  treatment. 

c)  Dredging  and  Disposal  and  its  effectiveness 

Dredging  could  be  carried  out  selectively  to  remove  the  most  contaminated  areas 
or  carried  out  over  the  whole  Harbour.  Harbour  sediments  could  be  physically 
removed  from  the  Harbour  bottom  by  dredging.  Disposal  of  dredged  sediments 
could  be  by  deep  water  disposal,  landfilling,  solidification  in  place  or  upland 
disposal  for  recreation  purposes. 

Dredging  and  physical  sealing  are  the  two  methods  available  which  can  insure 
removal  of  toxics  and  contaminants  from  the  sediments,  one  of  the  main  goals  of 
the  stakeholders.     However,  the  Harbour  is  a  depositional  basin  in  which   most 
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contaminants  may  remain  stable,  trapped  in  the  sediments.  Furthermore, 
dredging  might  cause  a  suspension  of  sediments  in  the  water  column  during 
dredging  activity.  The  role  of  sediments  and  their  ultimate  burial  in 
contamination  of  biota  is  a  complex  issue  which  has  not  been  adequately 
researched  and  resolved.  Such  resolution  is  beyond  the  scope  of  this  report. 
Accordingly,  where  necessary,  assumptions  are  made  to  achieve  finalization  of 
this  study. 

d)  Physical  Sealing  and  its  Effectiveness 

Physical  sealing  of  harbour  sediments  with  clay  may  be  an  alternative  to 
dredging.  This  physical  barrier  minimizes  the  return  of  contaminants  to  the 
water  column  and  in  addition  seals  off  the  sediments  from  obtaining  oxygen  from 
the  overlying  water.  However,  clay  or  similarly  small  particles  could  be  easily 
resuspended  into  the  water  column  causing  turbidity  problems. 

e)  Other  Mitigating  Measures 

Additional  mitigating  measures  involve  enhancing  fish  habitat  in  the  Harbour, 
including  placement  of  brush  bundles  along  the  northern  shore  of  Burlington; 
lagoons  along  the  northern  shore  of  Burlington  and  the  Lax  property;  rubbish  and 
other  structures  along  the  Perimeter  Road,  north  shore  Burlington,  and  Lax 
property;  construction  of  islands  in  the  Grindstone  Creek  delta,  and  enhancing  of 
Pike  habitat  in  Grindstone  Creek  above  the  Habour  water  level. 

Other  mitigating  measures  involve  the  addition  of  beach  areas  along  the  Lax 
property,  north  shore  of  Burlington  and  Beach  strip  (between  Rambo  Hager 
diversion  and  the  Canada  Centre  for  Inland  Waters)  for  swimming  end  users. 

The  details  of  these  mitigating  measures  are  described  below  in  the  appropriate 
sections.  They  are  not  considered  here  because  they  do  not  have  a  direct  impact 
upon  water  or  sediment  quality. 

3.3.3  -  Mitigative  Measures  in  Cootes  Paradise 

Mitigative  measures  would  include  dredging  sediments  in  the  East  Pond,  cell  separation 
to  isolate  waste  discharges  from  fish  and  bird  habitats  and  the  installation  of  dykes  in 
Cootes  Paradise  to  create  cells  for  isolating  sources  of  pollution.     The  dykes  would 
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keep  Carp  out  of  the  cells  and  would  channel  sediment  from  streams  and  the  Dundas 
Sewage  Treatment  Plant  directly  to  Hamilton  Harbour. 

Carp  cause  turbidity  by  stirring  up  the  bottom  sediments  and  uprooting  aquatic  plants. 
Carp  can  be  controlled  by  stocking  Pike  which  will  feed  on  the  young  Carp,  and  by 
selective  fishing  pressure  using  derbies. 

Habitat  development  would  be  needed  to  support  a  warm  water  fishery  such  as  Pike 
and  Largemouth  Bass.  The  major  habitat  proposed  in  Section  3.5  is  a  creation  of  cells 
for  Pike  spawning,  adult  Pike  and  Largemouth  Bass  habitat.  The  impact  of  these 
measures  on  the  Harbour's  fisheries  and  their  costs  have  not  been  estimated  before  and 
were  developed  in  this  project.    Details  are  given  below. 

3.4      Cost  Effectiveness  Analysis  for  Water  Quality 

In  order  to  understand  the  effect  of  remedial  measures  upon  water  quality  and  on  a 
fishery  end  use,  a  set  of  biophysical  linkages  is  given  in  Figure  3.1.  The  headings  are 
related  to  loadings  to  the  water  column  and  sediment  concentrations  (biophysical 
variables  controlled  by  loadings).  Several  of  these  biochemical  and  loading  variables 
[ammonia,  (NH3,);  total  nitrogen  (TN);  total  phosphorus,  (TP);  total  organic  carbon, 
(TOO;  BODc,  and  suspended  solids  (SS)]  have  a  direct  impact  upon  the  fishery  habitat 
for  both  cold  water  (Whitefish)  and  warm  water  (Northern  Pike  and  Largemouth  Bass) 
species.  Of  particular  concern  to  this  study  are  two  marker  variables:  dissolved 
oxygen  in  the  hypolimnion  and  the  fishery  habitat  for  Northern  Pike  and  Largemouth 
Bass.  These  two  marker  variables  are  used  in  this  study  for  assessing  the  impact  of 
mitigating  and  remedial  measures  upon  the  water  quality  and  the  fishery  of  the 
Harbour. 

Other  water  quality  parameters  have  an  influence  on  the  "health"  of  the  ecosystem  but 
do  not  limit  fish  habitat.  Fecal  coliforms  are  a  measure  of  contamination  by  fecal 
matter;  they  mainly  influence  the  suitability  of  the  harbour  for  a  swimming  end  use  but 
do  not  have  a  significant  impact  upon  fish  (except  as  indicators  of  possible 
contamination  by  viruses,  etc.).  Toxic  organics  (e.g.,  PAH's,  PCB's,  etc.)  and  metals 
will  have  a  direct  impact  upon  fish  if  they  bioaccommulate  or  cause  tumors  through 
external  exposure.  The  precise  impact  of  these  variables  on  a  fishery  cannot  be 
quantified.  However,  their  concentrations  in  the  Harbour  do  not  appear  to  limit  the 
fish  habitat;  rather  they  mainly  influence  the  edibility  of  the  fish. 
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3.4.1  -  Concept  of  Cost  Effectiveness 

Classical  cost  benefit  analysis  requires  that  the  cost  of  a  particular  set  of 
mitigating/remedial  measures  and  their  associated  benefits  be  quantified  in  monetary 
terms  {e.g.,  dollars).  In  various  areas  of  environmental  analysis,  application  of  cost 
benefit  analysis  is  fraught  with  difficulties.  The  costs  are  imperfectly  known,  cost 
curves  are  discontinuous  due  to  various  technologies  being  used  sequentially  for  control 
of  loadings,  and  benefits  cannot  be. quantified.  In  many  instances,  not  only  are  the 
benefits  non-quantifiable  but  also  the  benefits  can  only  imperfectly  be  identified.  The 
cost-benefit  framework  being  established  in  this  study  for  Hamilton  harbour  is  an 
example  of  these  difficulties. 

In  this  section,  an  approach  of  cost-effectiveness  is  taken  as  the  key  link  for  relating 
the  cost  of  remedial/mitigating  measures  to  the  associated  benefits.  Costs  are 
quantified  in  monetary  terms  while  benefits  are  expressed  as  an  improvement  in  water 
quality  and  increment  in  littoral  habitat  for  a  warm  water  fishery  (using  Northern  Pike 
and  Largemouth  Bass  as  the  example  species).  This  approach  limits  the  ability  to  place 
benefits  in  a  monetary  framework  but  it  makes  the  analysis  quantitatively  tractable 
and  defensible.  The  end  point  of  the  analysis  is  a  biochemical/biophysical  set  of 
variables,  with  dissolved  oxygen  as  an  indication  of  water  quality  and  percent  of 
potential  area  of  fish  habitat  as  an  indication  of  a  fishery  use.  These  variables  can  be 
quantified  with  a  set  of  mathematical  tools  whose  predictive  ability  for  describing  the 
ecosystem  have  been  tested.  Attempts  to  extend  the  analysis  into  the  area  of  soft 
costs  (benefits)  can  be  accomplished  only  with  tools  whose  predictions  have  not  been 
similarly  validated. 

In  a  following  section  3.5,  this  cost-effectiveness  analysis  is  extended  to  include  an 
assessment  of  a  self-sustaining,  warm-water  fishery.  There  the  littoral  habitat  is 
extended  to  include  questions  of  hatching,  rearing  and  living  habitat  for  Pike  and  Bass 
and  to  give  estimates  of  yield. 

3.4.2  -  Methods 

The  end  product  of  a  cost  effectiveness  analysis  is  a  curve  or  set  of  curves  relating 
change  in  resource  quality  or  use  versus  the  costs  of  attaining  the  resource.  The  key  to 
developing  such  curves  is  the  relationship  between  the  remedial  or  mitigating  measure 
and  the  change  in  water  quality.     An  assessment  of  the  effects  of  remedial  measures 
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requires  an  evaluation  of  how  the  loadings  of  various  pollutants  to  the  water  body  have 
been  altered.  For  mitigating  measures,  there  are  two  different  types  of  lini<age  to 
water  quality  requiring  assessment:  For  those  mitigating  measures  which  occur 
internally  within  the  water  body  such  as  oxygenation,  there  is  a  direct  linkage  to  water 
quality.  For  those  mitigating  measures  which  occur  external  to  the  water  body  (such 
as  establishment  of  hatchery  areas  for  a  fishery),  there  is  no  direct  linkage  to  water 
quality. 

The  following  steps  are  required  to  develop  cost-effectiveness  curves. 

(i)        Development    of   a   strategy    for   considering   various    combinations   of   remedial 
measures  and  mitigating  measures. 

(ii)       Evaluation   of  changes    in   loadings   due   to   control   of   point    or   diffuse   sources 
(remedial  measures). 

(iii)     Evaluation    of    change    in    water   quality    caused    by    each    remedial/mitigating 


(iv)      Evaluation  of  costs  of  the  various  measures. 

(v)       Evaluation  of  change  in  fisheries  habitat  due  to  change  in  water  quality. 

(vi)      Formulation  of  cost-effectiveness  curves. 

The  data  for  steps  (ii)  and  (iv)  are  available  from  the  literature  were  summarized 
earlier  in  this  section  (Tables  3.3  and  3.4). 

Various  strategies  for  remedial  and  mitigating  measures  are  given  in  Table  3.9  together 
with  the  cumulative  annual  cost  for  the  specified  sequences  of  remedial  and  mitigating 
measures.  The  annual  costs  are  estimated  assuming  a  12%  discount  rate  for  amortizing 
the  capital  costs  over  either  a  10  or  20  year  period.  Four  strategies  for  remedial  and 
mitigating  measures  are  considered: 

(i)        control  of  the  Hamilton  sources  (including  the  sewage  treatment  plant  and  the 

combined  sewer  overflows,  see  Table  3.9a); 
(ii)      control  of  the  Burlington  Sewage  Treatment  Plant  (see  Table  3.9b); 
(iii)     control  of  the  Industrial  Sources  (see  Table  3.9c); 
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SCENARIO  I  CONTROL  HAMILTON  WASTE  EFFLUENT 
TABLE  3.9a 


Control 

Number 


Description 


Capital 

(miniong) 


Cumulative  Annual  Cost 
(Smlllion)  10  year 
0  &  M Amorltlzatlon 


Initial 

Chemical  Precipitation 
-  HWSTP 

Nitrification  -  HWSTP 

Sand  Filters  -  HWSTP 

Dual  Point  Chemical 
Addition  -  HWSTP 

Retention  Basins 

Discharge  to  Lake  Ontario 


- 

S  50 

000 

0 

05 

3 

$350 

000 

0 

9  31 

35 

S  80 

000 

7 

2 

1 

$  30 

000 

7 

4 

60 

S500, 

000 

18 

5 

26 

$100, 

000 

23 

2 

SCENARIO  II  CONTROL  BURLINGTON  WASTE  EFFLUENT 
TABLE  3.9b 


Control 
Mumbsg. 


1. 

2. 
3. 
4. 


Description 


Capital 

(millions) 


Cumulative  Annual  Cos1 
($million)  10  year 
Q  &  M    Amoritizatlon 


5. 


Initial 

Nitrification 

Sand  Filters 

Dual  Point  Chemical 
Addition 

Discharge  to  Lake  Ontario 


6 

$100 

000 

1.20 

9 

$  30 

000 

2.80 

1 

$  50 

000 

3.  00 

0 

$100 

000 

4  .90 

SCENARIO  III  CONTROL  INDUSTRIES  WASTE  EFFLUENT 
TABLE  3.9c 


Control 

Numbs c 


Description 


Capital 
(millions) 


Cumulative  Annual  Co3t| 
(Smillion)  10  year 
Q  S  M Amoritizatlon 


Initial 

Dofasco  Recycle  9  S 

Dofasco  to  HWSTP  0.1  $ 

Stelco  (Work  In-  Progress)  4  $ 


1.60 
1.61 
2.  30 
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(iv)  control  of  all  point  and  non-point  sources  and  internal  sources  (see  Table  3.9d).  A 
description  of  each  mitigating/remedial  measure  is  given  below  in  Section  3.4.4. 

Ideally,  in  developing  these  strategies,  the  following  approach  would  be  used  for 
determining  the  best  strategy  for  selecting  the  sequence  of  remedial  and  mitigating 
measures. 

(i)  Evaluate  the  efficiency  of  different  technologies  for  removal  of  each  pollutant 
from  each  point  source,  and  for  reduction  of  each  pollutant  discharged  by  diffuse 
sources. 

(ii)       Evaluate  the  cost  of  each  technology. 

(iii)  Evaluate  the  influence  of  mitigating  measures  upon  the  pollutant  and  the 
associated  costs. 

(iv)  Develop  an  abatement  cost  function  for  each  source  of  a  pollutant  (remedial 
measures)  and  for  appropriate  mitigating  measures. 

(v)  Develop  an  abatement  cost  function  for  each  pollutant  for  the  whole  Harbour 
using  least-cost  (cost-minimization)  techniques. 

It  was  not  feasible  to  follow  these  idealized  set  of  steps  in  this  study  for  the  following 
reasons. 

(i)  Abatement  functions  which  give  a  continuous  representation  between  efficiency 
of  removal  and  cost  of  treatment  for  a  specific  control  technology  are  not 
appropriate  for  many  of  the  point  sources.  Rather,  removal  of  a  pollutant  occurs 
by  application  of  a  sequence  of  different  control  technologies;  this  gives  a 
discontinuous  set  of  abatement  functions  consisting  of  several  step  functions. 

(ii)  Least-cost  minimization  techniques  are  difficult  to  apply  to  Hamilton  Harbour. 
Abatement  cost  functions  normally  consist  of  the  cost  of  abatement  versus 
reduction  of  loading  of  one  particular  water  quality  parameter.  But  to  achieve 
the  objective  for  a  cost-effectiveness  analysis  of  this  section,  costs  must  be 
related  to  improvement  in  water  quality  and  fisheries  habitat.  For  this,  control 
of  more  than  one  pollutant  (ammonia  and  phosphorus)  must  be  evaluated. 
Accordingly,  cost  abatement  functions  must  be  related  to  more  than  one 
pollutant.     This  is  difficult  to  do  because  the  effect   of  one  unit  of  phosphorus 


SCENARIO  IV  OVERALL  CONTROL  OPTIONS 
TABLE  3.9d 

Control 
1. 

Descr  Iptlon 

Capital 
(millions) 

Cumulative  Annual  Cost 
(Smillion)  10  year 
0  &  M   Amor itizat ion 

Initial 

- 

2. 

Chemical  Precipitation 
-  HWSTP 

- 

$ 

50,000 

0.05 

3. 

Nitrification  -  HWSTP 

3 

$ 

350,000 

0.931 

4. 

Nitrification  -  BSTP 

6 

S 

100,000 

2.1 

5. 

Dofasco  Recycle 

9 

$ 

- 

3.7 

6. 

Dofasco  to  HWSTP 

0. 

1 

$ 

- 

3.71 

7. 

Stelco  (Work  in  Progress) 

4 

$ 

- 

6.0 

8. 

Diffuse  Source  Control 

- 

SI 

, 500,000 

7.5 

9. 

Sand  Filters  HWSTP 

35 

s 

80,000 

13.3 

10. 

Dual  Point  HWSTP 

1 

s 

30,000 

14 

11. 

Sand  Filters  BSTP 

9 

s 

30,000 

15.6 

12. 

Dual  Point  BSTP 

1 

s 

50,000 

15.9 

13. 

Natural  Control 

- 

s 

- 

15.9 

14. 

Retention  Basins  (CSO) 

60 

s 

500,000 

27 

15. 

Oxygen  Injection 

0. 

17 

s 

360, 000 

27.  4 

16. 

Dundas  STP 

3 

s 

50,000 

27.6 

17. 

Dredge  Cootes  Paradise 

4 

s 

- 

28.2 

18. 

Discharge  to  Lake  Ontario 

36 

s 

200,000 

34.8 

HWSTP 

-  HAMILTON-WENTWORTH  SEWAGE 

TREATMENT 

PLANT 

BSTP 

-  BURLINGTON  SEWAGE  TREATMENT  PLANT 

C30 

-  COMBINED  SEWER  OVERFLOWS 
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loading  is  different  than  the  effect  of  one  unit  of  ammonia  loading. 
Furthermore,  there  will  be  a  second  order  interaction  in  the  effect  of  these  two 
variables  on  water  quality. 

Cost  abatement  functions  can  be  developed  if  a  different  measure  than  reduction  in 
loading  is  used  to  describe  effectiveness.  A  more  appropriate  measure  of  effectiveness 
is  "water  quality  improvement".  This  requires  the  use  of  the  nutrient-biomass 
simulation  model.  Its  application  for  developing  least-cost  curves  was  beyond  the 
resources  available  to  the  project. 

In  this  study,  a  qualitative  evaluation  of  the  increment  in  water  quality  per  unit  cost 
increment  was  used  in  selecting  the  strategy  for  selection  of,  and  the  sequencing  of 
remedial  and  mitigating  measures. 

The  change  in  water  quality  and  fisheries  habitat  was  calculated  using  a  nutrient- 
plani<ton  biomass  model  previously  applied  to  Hamilton  Harbour  (Snodgrass  and  Ng, 
1985).  The  fisheries  habitat  was  assessed  by  using  the  littoral  area  of  potential 
fisheries  habitat  along  the  North  Shore  of  Burlington  around  to  the  RHYC  marina  and 
their  relationships  to  depth  of  light  penetration  as  calculated  by  this  model. 

A  better  nutrient  biomass  model  would  include  the  modelling  concepts  of  Klapwijk  and 
Snodgrass  (1986)  and  OME  (1986).  The  Klapwijk  model  is  better  for  describing 
ammonia  transformations,  lake-bay  exchange,  and  sediment-water  exchange  of 
ammonia,  nitrate  and  oxygen,  because  these  transformations  have  been  analysed  in 
more  depth  and  this  model  is  calibrated  with  a  more  extensive  set  of  laboratory  and 
field  based  calibration.  It  includes  algai  decay,  but  it  does  not  predict  changes  in 
plankton  biomass  which  occur  due  to  changes  in  nutrient  loadings.  This  later 
relationship  necessitates  the  use  of  the  Ng's  model.  Ideally,  the  two  models  should  be 
combined;  but  this  is  beyond  the  scope  of  this  project.  Accordingly,  the  calculations  of 
the  Ng's  model  are  used  in  this  project  as  an  indicator  of  improvements  in  water 
quality  and  fisheries  habitat. 

3.4.3  -  Water  Quality  Related  Measures  of  Effectiveness 

Two  parameters  are  chosen  for  evaluating  water  quality  related  "effectiveness"  in  this 
study:  dissolved  oxygen  in  the  hypolimnion  and  percent  of  the  potential  littoral  fish 
habitat. 
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Dissolved  oxygen  in  the  hypolimnion  is  a  master  variable  indicating  the  health  of  the 
ecosystem.  Without  adequate  oxygen,  the  hypolimnetic  waters  are,  etfectively,  toxic 
to  many  biological  organisms  or  at  least  stressful  to  others.  Indirectly  a  lack  of  oxygen 
may  eliminate  some  organisms,  allowing  a  shift  of  the  ecosystem  towards  a  less  diverse 
system.  It  is  a  prime  water  quality  variable  used  for  managing  various  resources.  It 
has  a  significance  influence  on  fish  management.  It  does  not,  however,  have  a 
significant  impact  on  Northern  Pil<e  and  Largemouth  Bass,  the  targetted  species  of  this 
analysis,  because  the  prime  habitat  of  these  fish  is  the  warm  littoral  regions  of 
epilimnetic  waters.  It  will,  however,  have  a  substantial  influence  upon  the  habitat  of 
cold  water  fish  such  as  ciscos  and  white  fish  which  are  able  to  inhabit  hypolimnetic 
waters. 

Potential  littoral  fish  habitat  is  used  in  this  project  as  a  second  measure  of  water 
quality  because  it  describes  water  clarity  and  influences  the  habitat  of  the  warm-water 
fishery.  Of  the  main  use  of  the  Harbour  (contact  and  non-contact  recreation,  fishing, 
education,  wildlife,  water  transport,  wastewater  disposal),  a  warmwater  fishery  was 
identified  by  the  Stakeholders  at  the  Initiation  Meeting  of  September  1,  1987,  as  a  use 
with  which  everyone  was  in  general  agreement  as  a  priority  use.  Because  a  warm- 
water  fishery  is  a  use  which  generally  encompasses  the  water  quality  required  for  other 
high  quality  uses,  water  quality  variables  which  influence  the  fishery  were  chosen  as 
the  second  measure  of  "effectiveness"  considered  in  this  Section. 

Different  parameters  could  be  used  as  a  surrogate  for  describing  the  warm  water 
fishery.  Selection  of  the  appropriate  parameter  depends  upon  the  type  of  fishery 
desired.    The  different  types  of  fishery  include: 

(i)        Self-sustainable,  edible  warm-water  fishery; 

(ii)      edible,  warm-water  fishery  (maintained  by  a  hatchery  production);  and 

(iii)     warm  water  fishery. 

There  is  a  substantial  difference  between  whether  the  fishery  is  self-sustainable  or  not 
self-sustainable.  Factors  which  influence  whether  or  not  the  fishery  is  self-sustainable 
include  predators  present  in  the  food  chain,  availability  of  appropriate  spawning 
conditions/type  of  substrate,  area  of  riverine  habitat,  management  of  fishing  during 
spawning  runs,  and  fishing  pressure.  Fishing  pressure,  which  is  often  a  prime  factor  in 
fish  management,  may  prevent  establishment  of  a  self-sustaining  fishery. 
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The  edibility  of  fish  is  mainly  of  concern  for  human  health.  The  accumulation  of 
unacceptable  levels  of  heavy  metals,  toxic  organics,  and  pathogenic  bacteria  or  viruses 
would  mandate  that  the  fish  not  be  consumed.  Such  accumulation  would  only  allow  a 
put-and-take  sport  fishery. 

It  was  agreed,  after  discussions  with  Environment  Canada  and  Department  of  Fisheries 
and  Oceans  personnel,  to  use  littoral  fish  habitat  for  Northern  Pike  and  Largemouth 
Bass  as  the  measure  of  the  warm  water  fishery.  Other  factors  of  importance,  including 
the  potential  yield  of  the  fishery  and  whether  the  fishery  is  self-sustaining  or 
maintained  by  hatchery  spawning  are  described  later  in  Section  3.5. 

The  edibility  of  the  fish  is  particularly  water  quality  dependent.  There  is  some  data 
available  for  the  contaminants/toxics  concentrations  in  the  Harbour  water,  biota  and 
sediments.  An  improvement  in  the  data  has  been  generated  by  the  MOE  but  is  not 
available  for  this  study.    Hence,  a  limited  assessment  is  made  in  Section  3.6. 

For  selection  of  an  indicator  fish  species,  a  species  other  than  Northern  Pike  or 
Largemouth  Bass  may  be  more  water  quality  dependent.  An  listing  of  fish  which 
inhabit  the  Harbour  are  given  in  Table  3.10a.  The  general  habitat  requirements  for 
possible  indicator  fish  species  are  given  in  Table  3.10b.  In  general,  fish  can  be  divided 
into  cold  water  and  warm  water  species.  Warm  water  fish  are  those  which  occupy 
warm  epilimnetic  waters  during  the  summer  (i.e.,  18°C  -  22°C)  while  cold  water  fish 
are  those  which  occupy  colder,  hypolimnetic  waters  (range  of  4°C  -  10°C)  during  the 
summer.  The  two  main  types  of  cold  water  fish  are  the  salmonids  (colder  water, 
hypolimnetic)  and  the  caregonids  (who  will  tolerate  warmer  water  than  the  salmondis, 
but  which  are  still  classsified  as  cold  water  fish).  Trout  are  a  typical  fish  of  the 
salmonid  family  while  whitefish  are  a  typical  species  in  the  coregonids  family.  These 
latter  two  categories  of  cold  water  fish  would  be  influenced  by  improvements  in 
hypolimnetic  water  quality,  particularly  improvements  in  hypolimnetic  dissolved 
oxygen. 

Due  to  the  stated  stakeholders  goal  of  a  warm  water  fishery.  Northern  Pike  and 
Largemouth  Bass  are  assessed  in  this  report.  The  yield  of  the  fishery  is  assessed  in 
Section  3.5.  The  influence  of  organics  and  heavy  metals  upon  the  quality  of  the  fish 
are  considered  in  Section  3.6. 
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TABLE  3.10a 

LISTOF  FISH  SPECIES  IDENTIFIED  IN  HAMILTON  HARBOUR  AND 

COOTES  PARADISE  (1984-  1987) 


Fish  Species 


Petromyzontidae  -  lampreys 

,  Petromyzon  marmus  -  sea  iamprey 


Anguillidae  -  freshwater  eels 

Anguilla  rostrata  -  American  eel 


Lepisosteidae  -  gars 

,  Lepisosteys  osseus  -  longnose  gar 


Amiidae  -  bowfins 
.  Amia  calva 


Clupeidae  -  herrings 

.  Alosa  pseudohargengus  -  alewife 

Dorosoma  capedianum  -  gizzard  shad 


Salmonidae  -  whitefishes,  ciscoes,  salmons,  and  trouts 
Onocrhynchus  kisutch  -  coho  salmon 
Onocrhynchus  tshawytscha  -  chinook  salmon 
Salmo  gairdneri  -  rainbow  trout 
Salmo  trutta  -  brown  trout 
Salvelinus  namaycush  -  lake  trout 
Coregonus  artedii  -  lake  herring 
Couesius  piumbeus  -  lake  chub 


Osmersidae  -  smelts 

,  Osmerus  mordax  -  American  smelt 


Umbridae  -  mudminnows 

.  Umbra  limi  -  central  mudminnow 


Esocidae  -  pikes 

,  Esox  lucius  -  northern  pike 
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TABLE  3.10a 

LIST  OF  FISH  SPECIES  IDENTIFIED  IN  HAMILTON  HARBOUR  AND 

COOTES  PARADISE  (1984  -  1987) 


Fish  Species 


Cyprinidea  -  minnows  and  carp 

Carassius  auratus  -  goldfisii 
Cyprinuscarpio-  carp 
Notemigonus  crysoleucas  -  golden  shiner 
Notropis  atherinoides  -  emerald  shiner 
Notropis  hudsonius  -  spottail  shiner 
Notropis  heterolepis  -  blacknose  shiner 
Notropis  heterodon  -  blackchin  shiner 
Notropis  cornutus  -  common  shiner 
Notropis  chrysocephalus  -  striped  shiner 
Notropis  vol  ucel  I  us  -  mimic  shiner 
Pinephales  promelas  -  fathead  minnow 
Pinephales  notatus  -  bluntnose  minnow 
Semotilus  atromaculatus  -  creek  chub 
Rhinichthys  atratulus  -  blacknose  dace 
Catostomidae  -  suckers 
Carpidodes  cypnnus  -  quillback 
Catostomus  commersoni  -  white  sucker 
Catostomus  catostomus  -  longnose  sucker 
Hypentelium  nigricans  -  norther  hog  sucker 
ktiobus  cyprinellus  -  bigmouth  buffalo 


Ictaluridae  -  bullhead  catfishes 

Ictalurus  nebulosus  -  brown  bullhead 
Ictalurus  punctatus  -  channel  catfish 
Ictalurus  melas  -  brown  bullhead 
Ictalurus  natalis  -  yellow  bullhead 
Noturus  gyrinus  -  tadpole  madtom 


Cyprinodontidae  -  killifish 

.  Fundulus  diaphanus  -  banded  killifish 


Athermidae  -  silversides 

Labidesthes  sicculus  -  brook  silversides 


Gasterosteidae  -  sticklebacks 

.  Culaea  mconstans  -  fivespine  stickleback 


Percopsidae  -  trout  perches 

.  Percopsis  omiscomaycus  -  trout  perch 
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TABLE  3.10a 

LIST  OF  FISH  SPECIES  IDENTIFIED  IN  HAMILTON  HARBOUR  AND 

COOTES  PARADISE  (1984  -  1987) 


Fish  Species 


Cerichthyidae  -  temperate  basses 

.  Morone  americana  -  white  perch 

.  Morone  chrysops  -  white  bass 


Centrarchidae  -  sunfishes 

.  Ambloplites  rupestns  -  rock  bass 

.  Lepomis  gibbosus  -  pumpkinseed 

,  Lepomis  macrochirus  -  bluegill 

,  Micropterus  dolomieui  -  smallmouth  bass 

.  Micropterus  salmoides  -  largemouth  bass 

,  Poxomis  nigromaculatus  -  black  crappie 

.  Poxomis  annularis  -  white  crappie 


Percidae  -  perches 

Percina  caprodes  -  logperch 
.  Etheostoma  nigrum  -  johnny  darter 

.  Etheostoma  caeruleum  -  rainbow  darter 

,  Perca  flavescens  -  yellow  perch 

.  Stizostedion  vitreum  vitreum  -  walleye 


Sciaenidae  -  drums  or  croakers 

.  Aplodinotus  grunniens  -  freshwater  drum 


Fifty-nine  (59)  species  were  captured  m  Hamilton  Harbour  and  Cootes  Paradise 
between  1984  and  1987 


3  -  29 


TABLE  3.10b 

HABITAT  REQUIREMENTS  FOR  VARIOUS  FISH  SPECIES 


Fish  Species 

Warm  or 
Cold 

Habitat  Requirements 

Smallmouth  Bass 

Warm 

Littoral,  macrophyte  growth 

Perhaps  more  rivenne  than  large  mouth  bass 

Largemouth  Bass 

Warm 

.       Littoral,  macrophyte  growth 

Northern  Pike 

Warm 

.       Littoral,    requirements    for   spawning    at    ice    out    m 
submerged  vegetation     Littoral  or  limnetic,  less  restricted 
to  weed  beds,  found  m  shallower  quiet  bays^ 

Ciscos,  Whitefish 

Cold 

More  warm  water  than  Lake  Trout,  but  hypolimnetic. 

Whitefish 

Cold 

.       Most  important  commercial  fish  m  Canada 

3-4.4  -  Remedial  and  Mitigating  Scenarios 

The  remedial  and  mitigating  scenarios  are  listed  in  Table  3.9  for  Hamilton  sources 
(Table  3.9a),  Burlington  sources  (Table  3.9b),  Industrial  sources  (Table  3.9c),  and  all 
sources  (Table  3.9d).  The  scenarios  listed  for  overall  control  of  the  Harbour  (Table 
3.9d)  include  all  remedial  measures  described  earlier.  The  loadings  used  in  the  Monte 
Carlo  simulations  are  given  in  Table  3.11.  Accordingly,  only  the  sequence  of  scenarios 
for  all  sources  is  described  here. 


1.  Initial.  This  is  the  base  case  using  an  estimate  of  loadings  and  limnological 
conditions  typical  of  1984-1985  to  define  the  characteristics  of  the  Base  Case. 

2.  Chemical  Precipitation,  Hamilton-Wentworth  Sewage  Treatment  Plant.  This 
involves  the  addition  of  ferric  chloride  by  the  steel  industries  to  the  sewer  system 
to  lower  the  average  total  phosphorus  discharged  by  the  Hamilton-Wentworth 
STP  from  1.2  mg/L  to  0.7  mg/L.  The  addition  is  purposeful,  and  designed  to 
enhance  phosphorus  precipitation.  The  cost  estimates  were  arrived  at  after 
discussion  with  Mr.  Murray  Greenfield  of  Dofasco. 


TABLE  3.11 

RANGE  OF  LOADINGS  (kg/day)  USED  IN  MONTE  CARLO  SIMULATIONS  FOR  THE 

EUTROPHICATION  SCENARIO 


Control 
Number 

Description 

Organic  N 

Ammonia 

Nitrate 

Total        1 
Phosphorus 

1 

Initial 

5400  -  8200 

5700-8800 

4600  -  6800 

600  -  900 

2 

Chemical  Precipitation  -  HWSTP 

5400-8200 

5700  -  8800 

4600  -  6800 

530-790 

3 

Nitrification-  HWSTP 

5400-8200 

1800-2700 

7800-  12000 

530-790 

4 

Nitrification  -  BSTP 

5400  -  8200 

1400-2200 

7800-  12000 

530-790 

5 

Dofascoto  Recycle 

5400  -  8200 

1100-1700 

7800-  12000 

530-790 

6 

Dofasco  to  HWSTP 

5400  -  8200 

1000- 1600 

8100-  12000 

530-790 

7 

Steico  (Work  in  Progress) 

5400-8200 

1000-  1600 

8100-  12000 

530-790 

8 

Diffuse  Source  Control 

5400-8200 

1000-  1600 

8100-  12000 

490  -  780 

9 

Sand  Filters  HWSTP 

5400  -  8200 

1000-  1600 

8100-  12000 

320-480 

10 

Dual  Point  HWSTP 

5400-8200 

1000-  1600 

8100-  12000 

270-410 

11 

Sand  Filters  BSTP 

5400-8200 

1000-  1600 

8100-  12000 

250-380 

12 

Dual  Point  BSTP 

5400-8200 

1000-  1600 

8100-  12000 

240-360 

13 

Natural  Control 

5400-8200 

1000-  1600 

8100-  12000 

240-360 

14 

Retention  Basins  (CSO) 

5400-8200 

900-  1300 

8200-  12000 

180-270 

15 

Oxygen  Injection 

5400  -  8200 

900-  1300 

8200-  12000 

180-270 

16 

OundasSTP 

5400-8200 

900-  1300 

8200-  12000 

170-250 

17 

Dredge  Cootes  Paradise 

5400-8200 

900-  1300 

8200-  12000 

160-240 

18 

Discharge  to  Lake  Ontario 

3800  -  5800 

300  -  460 

920-  1400 

140-200 

HWSTP 

BSTP 

CSO 


Hamilton  Wentworth  Sewage  Treatment  Plant 
Burlington  Sewage  Treatment  Plant 
Combined  Sewer  Overflows 
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3.  Nitrification,  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  involves 
implementation  of  nitrification  in  the  Hamilton-Wentworth  Sewage  Treatment 
Plant  to  achieve  90%  conversion  of  ammonia  to  nitrate. 

4.  Nitrification,  Burlington  Sewage  Treatment  Plant.  This  is  similar  to 
"Nitrification  Hamilton-Wentworth  Sewage  Treatment  Plant"  but  is  applied  to 
the  Burlington  Sewage  Treatement  Plant. 

5.  Dofasco  Inc.,  Recycle.  This  involves  additional  recycle  of  ammonia  in  Dofasco 
Inc.  to  prevent  ammonia  discharge  to  the  Harbour. 

6.  Dofasco  Inc.  to  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  involves 
discharge  of  the  residual  ammonia  from  Dofasco  Inc.  to  the  City  Sewer  system. 
Nitrification  of  90%  of  the  ammonia  in  the  Hamilton  Sewage  Treatement  Plant  is 
assumed. 

7.  Stelco  Inc.  (Work  in  Progress).  This  involves  general  improvements  in  the  Stelco 
Inc.  sewer  systems  to  prevent  these  discharge  to  the  harbour. 

8.  Diffuse  Source  Control.  This  involves  reduction  of  phosphorus  discharged  from 
agricultural  sources.  The  costing  assumes  that  230  km'^  of  the  watershed  in  row 
crop  production  is  converted  from  moldboard  plowing  tillage  to  non-plowing 
tillage.  Per  acre  costs  to  the  farmers  were  estimated  from  Bay  of  Quinte  RAP 
analyses  (Appendix  A).  The  reduction  in  phosphorus  loadings  is  approximately  50 
kg/d  with  this  change  in  practice. 

9.  Sand  Filters  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  strategy 
involves  implementation  of  tertiary  treatment  in  the  farm  of  sand  filtration  at 
the  Hamilton-Wentworth  Sewage  Treatment  Plant  to  minimize  the  discharge  of 
phosphorus  contained  in  particulate  form.  In  sewage  treatment  plants  which 
practise  chemical  precipitation  for  phosphorus  control,  much  of  the  phosphorus 
discharged  is  in  particulate  form,  but  is  not  removed  by  final  clarifiers.  Sand 
filters  can  bring  the  effluent  down  to  a  level  of  0.1  to  1  NTU,  residual  turbidity. 

10.  Dual  Point  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  involves 
chemical  injection  at  two  points  in  the  Hamilton-Wentworth  Sewage  Treatment 
Plant.      It    is   implemented   after  construction   of   the  sand   filters.      It   provides 
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additional  phosphorus  removal  by  improving  the  efficiency  of  making  a  soluable 
phosphorus  into  particles  for  removal  in  the  sand  filters. 

11.  Sand  Filters  Burlington  Sewage  Treatment  Plant.  This  strategy  is  similar  to  Sand 
Filter  Hamilton-Wentworth  Sewage  Treatment  Plant,  but  is  applied  to  the 
Burlington  Sewage  Treatment  Plant. 

12.  Dual  Point  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  strategy  is 
similar  to  Dual  Point  Hamilton-Wentworth  Sewage  Treatment  Plant,  but  is 
applied  to  the  Burlington  Sewage  Treatment  Plant. 

13.  Natural  Control.  After  a  decade  of  improving  wastewater  treatment,  it  is 
plausible  that  the  sediments  will  burn  off  much  of  their  oxygen  demand  and  will 
be  buried  by  new  materials  which  exert  a  lower  sediment  oxygen  demand  (SOD). 
It  is  probable  that  such  management  could  cause  SOD  to  decrease  to  30  to  70%  of 
present  rates  of  SOD.  The  "natural  control"  option  assessed  in  this  reprot 
assumes  a  lowering  of  SOD  by  50%.  A  more  sophisticated  model  for  SOD  then  is 
currently  used  is  required  to  improve  our  confidence  in  the  assumption. 

14.  Retention  Basins.  This  strategy  assumes  the  intercepting  of  storm  water  runoff 
by  the  construction  of  12  storage  basins  on  the  12  main  Combined  Sewer 
Overflows,  which  discharge  to  the  Harbour.  One  has  presently  been  completed  in 
1986  (Greenhill,  which  discharges  to  Red  Hill  Creek).  The  costing  for  this  one  is 
applied  to  the  others.  The  costing  does  not  include  extra  costs  to  the  Hamilton- 
Wentworth  Sewage  Treatement  Plant  which  would  result  from  the  additional 
volume  of  water  being  treated.    Such  costing  data  have  been  obtained. 

15.  Oxygen  Injection.  This  is  a  mitigating  measure  involving  direct  injection  of 
oxygen  to  the  hypolimnion.  It  is  assumed  that  injection  would  occur  for  the 
stratified  period.  It  is  assumed  that  this  technique  would  only  be  applied  at  this 
control  option;  hence,  it  is  not  considered  as  part  of  the  sequence  of  options  16 
to  18. 

16.  Dundas  Sewage  Treatment  Plant.  There  are  two  options  for  control  of  the 
Dundas  Sewage  Treatment  Plant:  routing  of  its  outflow  to  the  Hamilton  sewer- 
system,  or  improvement  of  the  Dundas  Sewage  Treatment  Plant.  This  option  in 
this  report  assumes  placement  of  sand  filters  and  dual  point  injection  in  the 
Dundas  Sewage  Treatment  Plant.    It  is  assumed  that  the  loading  reduction  at  the 
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Dundas  Sewage  Treatment  Plant  causes  the  same  magnitude  of  reduction  in  the 
discharge  of  total  phosphorus  to  the  Harbour.  The  costs  are  estimated  by  scaling 
down  the  costs  for  the  Hamilton-Wentworth  Sewage  Treatment  Plant  and 
providing  a  safety  factor  of  two  times  to  the  cost  estimate. 

17.  Dredging.  This  option  assumes  a  phosphorus  reduction  associated  with  dredging 
of  Cootes  Paradise.  The  loading  impact  is  estimated  by  partitioning  the  loadings 
to  Cootes  into  those  derived  from  point,  diffuse,  sources  and  internal  loading. 
Dredging  costs  are  based  upon  unit  costs  for  Harbour  dredging  (Hamilton  Harbour 
Commissioners,  Personal  Communication)  and  is  the  value  in  the  Bay  of  Quinte 
RAP  Report. ^^) 

18.  Discharge  to  Lake  Ontario.  This  option  involves  the  discharge  of  wastewater  to 
Lake  Ontario  from  the  Hamilton  and  Burlington  Wastewater  Treatment  Plants. 
Note,  this  option  does  not  involve  discharge  of  surface  water  streams  (Red  Hill 
Creek,  etc.)  and  residual  combined  sewer/storm  discharges  to  the  lake. 

3.4.5  -  Method  for  Calculating  the  Measures  of  Effectiveness 

A)       Hypolimnetic  Dissolved  Oxygen 

All  mechanisms  influencing  hypolimnetic  dissolved  oxygen  are  included  in  the 
model  used  in  this  study  (see  Snodgrass  and  Ng,  1985).  Accordingly,  its 
mathematics  are  not  reproduced  here.  Rather  a  brief  synopsis  of  the  main 
mechanisms  influencing  dissolved  oxygen  degradation  are  now  presented. 

The  degradation  of  hypolimnetic  dissolved  oxygen  is  caused  by  the  oxidation  of 
ammonia  by  nitrifiers,  decomposition  of  organic  matter  formed  as  a  result  of 
algal  biomass  and  BOD  inputs,  oxidation  of  organic  sulphur  compounds  by 
heterotrophic  and  other  bacteria,  and  sediment  oxygen  demand.  Oxygen  is 
resupplied  to  the  hypolimnion  by  transport  processes  across  the  thermocline  and 
direct  currents  from  Lake  Ontario  through  the  Burlington  Ship  Canal.  Various 
reactions  are  temperature  dependent. 

The  concentrations  of  ammonia  in  the  Harbour  results  mainly  from  ammonia 
loadings  from  the  Hamilton-Wentworth  Sewage  Treatment  Plant  but  also  from 
decomposition  of  algae  in  the  Harbour.     Organic   matter  formed  from  algae  is 
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controlled  by  phosphorus  inputs,  water  temperature,  and  light  penetration  which 
is  influenced  by  water  clarity. 

B)        Potential  Macrophyte  Habitat 

The  same  model  (Snodgrass  and  Ng,  1985)  as  used  for  the  calculation  of 
hypolimnetic  dissolved  oxygen  was  used  to  assess  potential  macrophyte  habitat. 
The  model  calculates  the  response  of  phytoplankton  biomass  (as  characterized  by 
chlorophyll)  and  offshore  water  clarity  (as  characterized  by  gross  light  extinction 
coefficient)  to  the  same  scenario  sequence  of  remedial  and  mitigating  measures 
as  used  for  the  hypolimnetic  oxygen  calculations.  To  express  these  calculations 
in  terms  of  potential  macrophytic  area,  the  model  was  extended  to  consider 
Secchi  depth  and  macrophyte  growth.    These  extensions  are  now  described. 

There  are  a  variety  of  measures  of  macrophyte  growth  which  could  have  been 
used  in  this  analysis.  (S.  Painter,  pers.  comm.).  All  are  related  to  the  depth  of 
light  penetration  (i.e.  water  clarity).    They  are: 

•  the  maximum  depth  at  which  plants  will  colonize; 

•  the  depth  at  which  maximum  biomass  will  develop;  and 

•  the  growth  rate  of  the  dominant  macrophytic  species. 

In  an  ecological  sense,  the  growth  rate  is  a  more  dynamic  measure  of  the  health 
of  the  ecosystem  than  static  "depth"  measures,  and  hence  is  a  more  desirable 
variable  to  be  evaluated.  However,  the  variability  of  growth  dynamics  and  our 
confidence  in  the  ability  of  models  to  calculate  the  various  factors  influencing 
growth  are  poor.  Accordingly,  in  this  work,  the  maximum  depth  at  which  plants 
will  colonize  was  chosen  as  the  measure  of  macrophytic  response  to  improvement 
in  water  quality.    This  measure  was  chosen  primarily  because: 

•  there  is  a  literature  which  describes  the  relationships  of  depth  of 
colonization  as  a  function  of  water  clarity  which  could  be  used  in  this  study; 
and 

•  the  present  areas  of  macrophyte  growth  along  the  new  shore  of  Burlington 
(e.g.  Lasalle  Park  area)  approximately  match  these  literature  values 
(S.  Painter,  pers.  comm.). 
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The    following  relationships    were   used    to   extend    the    model    to   calculate    the 
response  of  macrophyte  beds  to  improvement  in  water  clarity: 

Zg  =  1.12  (1) 

0.85E-0.4 

Zm  =    (1.33  Log(Zs)  +  1.4)2  (2) 

where:  E         =         gross  light  extinction  coefficient  (m"l) 

Zs       =         Secchi  disk  depth  (m) 

Ztn      =         depth  of  maximum  macrophyte  biomass  colonization  (m) 

The  first  relationship  (Equation  1)  is  based  upon  research  data  gathered  from  the 
harbour  during  1986  and  1987  field  years  by  V.  Cairns,  S.  Painter  and  S.  Mellard,  (pers. 
comm,  and  with  many  thanks).  Based  upon  an  overall  regression  between  Secchi  disk 
transparency  and  extinction  coefficient,  their  relationship  for  this  open-water  of 
Hamilton  Harbour  is: 

E  =  1.12        +0.4  (3) 


The  Equation  1  was  adapted  in  this  study  from  Equation  3  to  correct  for  the  calibration 
of  the  model  which  calculates  a  gross  extinction  coefficient  which  is  too  large  by 
approximately  15%. 

The  second  relationship  (Equation  2)  is  that  of  Chambers  and  Kauff  (1985).  It  was 
based  upon  data  from  eight  lakes  in  southern  Quebec  in  which  the  maximum  depth  of 
angiosperm  colonization  was  measured  and  compared  to  Secchi  disk  depth  (m)  over  the 
growing  season).  The  lakes  included  a  six-fold  range  in  trophy  from  oligotrophic  to 
eutrophic.  The  harbour  data  from  1987  suggest  that  it  behaves  similarly.  To  account 
for  inshore-offshore  differences  and  the  relationship  of  extinction  coefficient  to 
inorganic  suspended  solids,  modifying  relationships  were  sought.  However,  because 
existing  data  indicate  that  habitat  in  deeper  waters  will  be  susceptible  to  point  source 
control,  the  relationships  given  above  are  retained  for  this  study. 

To  estimate  the  area  of  harbour  habitat,  the  potential  habitat  in  the  areas  of  the 
Windermere  Basin,  the  eastern  shore,  Indian  Creek,  Lasalle  Park,  Grindstone  Creek  and 
Dundurn  Park  (Perimeter  Road,  Lax  Property  to  the  boat  club)  were  measured  at  Im 
intervals  by  S.  Painter.     Assessment  of  the  zones  indicated  that  neither  Windermere 
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nor  the  eastern  shore  would  provide  suitable  habitat.  Accordingly,  they  were  ignored 
in  the  assessment.  The  resulting  depths  of  potential  macrophyte  development  are 
related  to  the  bottom  littoral  areas  as  follows: 

Cumulative 
Depth  Percent  of  Area 

73.7  to  73  m  0 

73  to  72  m  22 

72  to  71  m  38 

71  to  70  m  51 

70  to  69  m  60 

69  to  68  m  75 

The  cumulative  percentage  between  73.7  m  and  68  m  is  100%;  in  evaluating  the 
potential  area  for  macrophyte  development,  it  is  assumed  that  macrophytes  would  not 
develop  in  the  top  0.7  m  (73.7  to  73  m)  due  to  ice  effects.  This  results  in 
approximately  25%  of  the  potential  littoral  area  being  unavailable  for  macrophyte 
growth. 

An  additional  potential  area  of  macrophyte  growth  is  caused  by  water  level  variations. 
The  long-term  water  level  in  the  Harbour  is  74.7  m;  this  means  that  the  littorial  area 
above  73.7  m  will  often  exist.  However,  the  top  0.7  m  would  still  be  devoid  of 
macrophytes  due  to  ice  effects.  Furthermore,  as  the  calculations  indicate  below,  the 
total  area  available  for  macrophytes  will  not  be  occupied  due  to  ice  effects.  Hence, 
the  data  given  above  are  retained  for  use  in  this  study. 

3.4.6  -  Results:    Cost  Effectiveness  for  Hypolimnetic  Dissolved  Oxygen 

The  results  of  the  calculations  of  effectiveness  are  given  in  Figures  3.2  to  3.5  as 
follows: 

3.2a    Hypolimnetic    DO    for   control   of   Hamilton    Sources   as    a    function    of    Control 

Number. 
3.2b    Cost    (20    Year   Amortization)    of    Improving   Hypolimnetic    DO    by    Controlling 

Hamilton  Sources. 
3.2c    Cost    (10    Year    Amortization)    of    Improving   Hypolimnetic    DO    by    Controlling 

Hamilton  Sources. 
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3. 2d    Cost    (Log   Scale;    20    Year   Amortization)    of    improving    Hypolimnetic    DO    by 

Controlling  Hamilton  Sources. 
3.2e    Cost    (Log   Scale;    10    Year    Amortization)    of    improving    Hypolimnetic    DO    by 

Controlling  Hamilton  Sources. 
3.3a    Hypolimnetic  DO  as  a  Function  of  Control  of  Burlington  Sources. 
3.3b    Cost    (Log  Scale;    20    Year    Amortization)    of    improving    Hypolimnetic    DO    by 

Controlling  Burlington  Sources. 
3.3c    Cost    (Log   Scale;    10    Year    Amortization)    of    improving    Hypolimnetic    D)    by 

Controlling  Burlington  Sources. 
3.4a    Hypolimnetic  DO  as  a  Function  Control  of  Industrial  Sources. 
3.4b    Cost    (10    Year   Amoritization)    of   Improving   Hypolimnetic    DO    by    Controlling 

Industrial  Sources. 
3.5a    Hypolimnetic  DO  as  a  Function  Control  of  all  Sources. 
3.5b    Cost  (20   Year  Amortization)  of  Improving  Hypolimnetic  DO  by  Controlling  All 

Sources. 
3.5c    Cost  (10   Year  Amortization)  of  Improving  Hypolimnetic  DO  by  Controlling  All 

Sources. 
3.5d    Cost    (Log   Scale;    20    Year   Amortization)    of    improving    Hypolimnetic    DO    by 

Controlling  All  Sources. 
3.5e    Cost    (Log   Scale;    10    Year    Amortization)    of    improving    Hypolimnetic    DO    by 

Controlling  All  Sources. 

The  first  figure  (Figures  3.2a,  3.3a,  3.4a,  3.5a)  of  each  set  of  figures  (Figures  3.2  to 
3.5)  details  the  amount  of  water  quality  improvement  (as  measured  by  dissolved 
oxygen)  as  a  function  of  the  control  option.  The  following  improvement  in  dissolved 
oxygen  results  for  all  of  the  control  options  considered  in  each  scenario: 


Scenario  1:  Control  of  Hamilton  Sources 

Scenario  2:  Control  of  Burlington  Sources 

Scenario  3:  Control  of  Industrial  Sources 

Scenario  4:  Control  of  All  Sources 


Change  in  DOj^  =  1  mg/L 
Change  in  DO^  =  less  than  0.5  mg/L 
Change  in  DOj^  =  less  than  0.1  mg/L 
Change  in  DO^^  =  3  mg/L 
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WASTE  EFFLUENT  CONTROLS 
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BURLINGTON  SEWAGE  TREATMENT  PLANT 
WASTE  EFFLUENT  CONTROLS 


Control 
Number 

Description 

1 

Initial 

2 

Nitrification 

3 

Sand  Filters 

4 

Dual  Point  Chemical  Addition 

5 

Discharge  to  Lake  Ontario 
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INDUSTRIES  WASTE  EFFLUENT  CONTROLS 


Control 
Number 

Description 

1 

Initial 

2 

Dofasco  Recycle 

3 

Dofasco  to  HWSTP 
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Steico  (Work  in  Progress) 
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OVERALL  CONTROL  OPTIONS 


Control 
Number 

Description 

1 

Initial 
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Control  of  All  Sources  (Hamilton,  Burlington,  Industrial,  Diffuse)  is  required  to  achieve 
a  marked  improvement  (see  Figure  3.5a)  in  dissolved  oxygen,  but  a  noticeable 
improvement  should  result  for  only  control  of  Hamilton  Sources  (Figure  3.2a). 

Additional  chemical  precipitation  at  the  Hamilton  Sewage  Treatment  Plant  (Control  2, 
Figure  3.5a)  in  which  the  average  total  phosphorus  concentration  in  the  effluent 
decreases  to  0.7  mg/L  does  not  influence  the  calculated  minimum  DO-^.  But,  with 
nitrification  of  90%  of  the  current  load  from  the  Hamilton  Sewage  Treatment  Plant  in 
addition  to  control  of  phosphorus  (0.7  mg/L  TP),  there  is  a  small  improvement  in  DOu 
(Control  3  ,  Figure  3.5a).  Nitrification  at  the  Burlington  SewageTreatment  Plant  and 
additional  remedial  wor!<s  in  the  Industrial  sector  do  not  have  a  marked  effect  upon 
DOh- 

Control  of  agricultural  sources  of  phosphorus  (Control  Number  8)  has  a  small  effect. 
Implementation  of  sand  filters  at  Hamilton  (Control  Number  9)  has  a  noticeable  effect 
upon  DO}^;  implementation  of  dual  point  and  sand  filters  at  the  Hamilton  and 
Burlington  Sewage  Treatment  Plants  (Control  Numbers  10,  11,  and  12)  has  a  small 
effect. 

Natural  control,  involving  a  50%  reduction  in  sediment  oxygen  demand  (SOD)  (Control 
Number  13,  Figure  3.5a)  results  in  a  substantial  increase  in  dissolved  oxygen.  This  is 
caused  partly  by  the  sensitivity  of  the  system  to  SOD,  but  also  to  the  amount  of 
control  of  phosphorus  and  ammonia  achieved  to  this  point  in  the  sequence  of  loadings. 
If  the  impact  of  SOD  were,  for  example,  evaluated  after  control  option  8,  the 
calculated  effect  of  SOD  would  be  much  less  than  calculated  in  Figure  3.5a,  given  the 
sequence  of  calculations  used  in  Figure  3.5a. 

Of  the  last  five  options,  both  the  implementation  of  CSO  control  (Option  14)  and 
discharge  (Option  18)  to  Lake  Ontario  (after  effluent  of  the  Hamilton  Sewage 
Treatment  Plant  and  the  Burlington  Sewage  Treatment  Plant  have  a  noticeable  effect 
on  DOj^;  while  the  Dundas  Sewage  Treatment  Plant  and  dredging  Cootes  have  only  a 
small  effect.    Oxygen  injection  (Option  15)  has  a  very  substantial  effect. 

The  routing  of  the  STP  discharges  from  Hamilton  Harbour  to  Lake  Ontario  has  a  small 
impact  because  most  of  the  nutrient  levels  currently  discharged  by  the  STP's  are 
removed  by  the  control  measures  previously  evaluated  in  the  control  sequence. 
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Changes  in  the  cost-effectiveness  curves  for  Control  of  all  sources  (Figure  3.5b  to  e) 
are  gradual,  except  for  the  large  cost  increments  associated  with  implementations  of 
the  following  strategies: 

(i)        sand  filters; 

(ii)      treatment  of  Combined  Sewer  Overflow's;  and 

(iii)     discharge  to  Lake  Ontario. 

The  implementation  of  sand  filters  (Option  9),  CSO  (Control  Option  14)  and  discharge 
to  Lake  Ontario  (Option  18)  are  calculated  to  cause  a  small  but  noticeable  amount  of 
improvement  in  DOj^,  for  a  large  amount  of  money  (approximately  $4-6  million  per 
year  for  implementation  of  each  option).  These  improvements  in  DOj^  compared  to 
their  cost  appear  to  be  small  compared  to  the  effect  of  natural  control  and 
oxygenation;  however,  this  comparison  is  not  fair  strictly  upon  a  control  basis.  Natural 
control  is  only  possible  after  reduction  in  nutrient  loadings  and  requires  Options  1-11 
before  most  of  its  effect  would  be  realized.  Oxygenation  is  a  technique  which  would 
require  continual  implementation  each  summer;  its  effect  would  be  mainly  upon 
oxygen. 

3.4.7  -  Results:    Cost  Effectiveness  of  Restoration  of  Littoral  Fish  Habitat 

The  calculations  of  cost  effectiveness  for  improvement  in  Littoral  Fish  Habitat  due  to 
remedial  measures  are  give  in  Figure  3.6  and  3.7.  The  sequence  of  control  options 
considered  in  Figure  3.6  are  the  same  sequence  of  options  as  considered  in  Figure  3.2 
for  control  of  Hamilton  sources;  the  sequence  of  control  options  in  Figure  3.7  are  the 
same  sequence  as  remedial  and  mitigating  measures  for  all  sources  as  considered  in 
Figure  3.5  for  DO.    The  calculations  are  given  in  the  figures  as  follows: 

3.6a        Change    in    Percent    of    Macrophyte    Habitat    as    a    Function    of    Controlling 
Hamilton  Sources. 

3.6b        Cost  (Log  Scale;  20  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a 
Function  of  Controlling  Hamilton  Sources. 

3.6c        Cost  (Log  Scale;  10  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a 
Function  of  Controlling  Hamilton  Sources. 

3.6d        Cost  (20  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a  Function  of 
Controlling  Hamilton  Sources. 

3.6e        Cost  (10  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a  Function  of 
Controlling  Hamilton  Sources. 
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3.7a        Change   in   Percent   of   Macrophyte   Habitat   as   a   Function  of  Controlling  all 
Sources. 

3.7b        Cost  (Log  Scale;  20  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a 
Function  of  Controlling  All  Sources. 

3.7c        Cost  (Log  Scale;  10  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a 
Function  of  Controlling  All  Sources. 

3.7d        Cost  (20  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a  Function  of 
Controlling  All  Sources. 

3.7e        Cost  (10  Year  Amortization)  of  Improving  Macrophyte  Habitat  as  a  Function  of 
Controlling  All  Sources. 

Control  of  Hamilton  sources  (Figure  3.6a)  results  in  a  small  improvement  in  habitat 
from  the  20-30%  range  to  the  30  to  50%  range  with  every  option  having  a  small 
positive  effect.  Control  of  ail  sources  (Figure  3.7a)  results  in  three  distinct  sections  to 
the  cost-effectiveness  curve:  options  1  to  8;  options  9  to  13  and  options  14  to  18.  The 
first  8  options  represent  nitrification  of  effluents  and  industrial  source  control;  these 
options  have  minimal  impact  upon  phosphorus  control.  The  second  section  in  the  curve 
is  caused  by  the  initiation  of  additional  phosphorus  control  through  the  implementation 
of  sand  filters  in  Hamilton  (Option  9);  this  control  causes  algal  densities  to  decrease 
and  the  depth  of  light  penetration  to  increase,  allowing  for  additional  littoral  habitat. 
The  implementation  of  dual  point  injection  of  Hamilton  (Option  10)  and  sand  filters 
with  dual  point  injection  at  Burlington  (Option  11  and  12)  and  natural  control  (Option 
13)  have  a  minimal  impact  relative  to  the  installation  of  filters  at  the  Hamilton- 
Wentworth  Sewage  Treatment  Plant  (Option  9). 

In  the  third  section  of  the  curve,  CSO  control  (Option  14)  has  a  larger  effect  upon 
fisheries  habitat  than  the  other  options.  However,  the  sequence  of  options  14  (CSO 
control),  16  (Dundas  STP),  17  (Dredging  Cootes)  and  18  (Discharge  to  Lake  Ontario)  has 
a  distinct  effect  upon  littoral  habitat. 

3.4.8  -  Results:    Effectiveness  for  Other  Nutrient  Parameters 

The  calculations  of  the  change  in  water  quality  in  the  Harbour  for  "Water  Quality 
Scenario  4:  Control  of  all  Sources"  is  given  for  different  water  quality  paramenters  in 
the  following  figures. 

Figure  3.8a       Ammonia  Concentration  in  the  Epilimnion  During  Summer  for  Overall 
Control 

Figure  3.8b       Ammonia  Concentration  in  the  Hypolimnion  During  Summer  for  Overall 
Control 
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Figure  3.8c        Nitrate   Concentration    in    the    Epilimnion    During   Summer    for   Overall 

Control 
Figure  3.8d        Nitrate  Concentration   in  the  Hypolimnion  During  Summer  for  Overall 

Control 
Figure  3.8e       Organic  Nitrogen  Concentration  in  the  Epilimnion  During  Summer  for 

Overall  Control 
Figure  3.8f        Organic  Nitrogen  Concentration  in  the  Hypolimnion  During  Summer  for 

Overall  Control 
Figure  3.8g       Soluable  Phosphorus  Concentration  in  the  Epilimnion  During  Summer  for 

Overall  Control 

Figure  3.8h       Soluable  Phosphorus  Concentration  in  the  Hypolimnion  During  Summer 
for  Overall  Control 

Figure  3.8i        Total  Phosphorus  Concentration  in  the   Epilimnion   During  Summer  for 
Overall  Control 

Figure  3.8j        Total  Phosphorus  Concentration  in  the  Hypolimnion  During  Summer  for 
Overall  Control 

Figure  3.8k       Chlorophyll  Concentration  in  the  Epilimnion  During  Summer  for  Overall 
Control 

Figure  3.81        Chlorophyll    Concentration    in    the    Hypolimnion    During    Summer    for 
Overall  Control 

Figure  3.8m      Extinction   Coefficient    in   the   Epilimnion    During   Summer    for   Overall 
Control 

The  sequence  of  control  Options  (1  to  18)  as  presented  in  Figure  3.8  as  was  used  for 
minimum  hypolimnetic  DO  (Figure  3.5a)  and  Percent  Available  Fish  Habitat  (Figure 
3.7a).  The  maximum  concentration  during  the  summer  months  (July  and  August)  for 
the  different  water  quality  paramenters  are  used  in  the  calculations  except  for  a  few 
parameters  for  which  the  maximum  August  concentration  is  evaluated. 

The  eplimnetic  chlorophyll  and  extinction  coefficients  were  used  to  evaluate  the 
Percent  Available  Fish  Habitat  presented  in  Figure  3.7a. 

The  ammonia  concentrations  show  a  substantial  decrease  in  concentration  after 
implementation  of  control  Option  1  (Hamilton  Source  Control,  Table  3.11)  while  nitrate 
shows  an  increase.  This  results  from  conversion  of  ammonia  to  nitrate  in  the 
wastewater  treatment  plant.  Small  changes  are  also  calculated  for  ammonia  and 
nitrate  after  Options  4  (Nitrification  Burlington  Wastewater  Treatment  Plant)  5,  6,  and 
7  (Industrial  Source  Control),  14  (CSO  Control)  and  18  (Discharge  to  Lake  Ontario). 
The  phosphorus  concentrations  show  a  small  decreae  after  Option  2  (chemical 
precipitation),  a  larger  decreases  after  Option  9  (sand  filters  at  Hamilton  Wastewater 
Treatment  Plant),  a  set  of  small  decreases  with  Options  10  to  12  (sand  filters  and  dual 
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point  chemicaladdition  of  the  Hamilton  and  Burlington  Wastewater  Treatment  Plants), 
CSO  Control  Option  14,  and  discliarge  to  Lake  Ontario  (Option  18). 

The  concentration  calculation  upon  which  these  calculations  are  based,  are  summarized 
in  Figure  3.9  (3.9a:  Ammonia,  3.9b:  Nitrate,  3.9c:  Organic  N,  3.9d:  Soluable 
Phosphorus,  3.9e:  Total  Phosphorus,  3.9f:  Chlorophyll,  3.9g:  Light  Extinction 
Coefficient).  The  figures  show  that  mean  calculated  values  as  a  select  line  and  the 
calculated  95%  confidence  interval  as  a  shaded  area.  The  confidence  interval  is 
calculated  assuming  a  Monte  Carlo  Simulation.  A  uniform  distribution  is  used  for  the 
loadings  while  a  triangular  distribution  is  used  for  the  various  model  coefficients.  The 
range  of  the  coefficient  distribution  was  set  based  upon  literature  ranges. 

3.4.9  -  Qualitative  Evaluation  of  Effectiveness  of  Remedial  and  Mitigative  Measures 

The  impact  of  various  remedial  and  mitigative  control  measures  upon  water  quality  in 
Hamilton  Harbour  were  evaluated  qualitatively  using  a  seven  level  rating  system.  The 
assessment  is  given  in  Tables  3.12  and  3.13.  The  evaluation  suggests  that  fishery  end 
use  receives  some  beneficial  effect  if  most  these  control  measures  are  implemented. 
These  control  measures  improve  the  Harbour  water  quality  by  enhancing  water  clarify, 
desirable  dissolved  oxygen  level  and  preventing  metals  and  toxic  containments  from  re- 
entering the  water  column.  As  a  result,  the  Harbour  can  be  restored  to  provide  a 
littoral  habitat  for  fishery. 

These  same  control  measures  are  less  beneficial,  if  swimming  and  body  contact  sports 
are  the  desired  end  uses  Only  a  few  of  these  control  measures  (disinfection  and  CSO 
control)  make  the  Harbour  suitable  for  swimming  by  reducing  the  level  of  pathogenic 
bacteria.  The  evaluation  suggests,  however,  that  most  point  and  non  point  source 
control  measures  (Table  3.13)  have  some  effect  upon  swimming  as  well  as  recreational 
boating,  body  contact  sports,  and  the  industrial  water  supply.  This  results  from  their 
impact  upon  water  clarity  and  other  aesthetic  factors,  rather  than  upon  bacterial 
concentrations. 

The  mitigating  measures  (Table  3.12)  generally  have  a  small  effect  upon  end  use, 
except  for  boating,  education  and  fishing  end  uses.  The  prime  effects  are  aesthetics 
and  perception  if  toxic  substances  etc.  are  supressed  successfully, and  the  possible  up 
take  of  these  contaminants  by  the  fishery. 
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3.5      Assessment  of  Cost  Effectiveness  of  Mitigating  Measures  for  a  Seif-Sustaining  Fishery 

3.5.1  -  Introduction 

At  the  start  of  the  project,  documentation  of  the  requirements  for  a  self-sustaining 
fishery  were  not  available  in  written  form.  Accordingly,  as  a  part  of  this  work, 
information  was  synthesized  which  permitted  the  development  of  hypotheses 
concerning  requirements  of  a  self-sustaining  fishery  and  criteria  for  measuring  the 
success  of  achieving  the  hypotheses. 

A  variety  of  discussions  were  held  with  scientists  from  the  Federal  Department  of 
Fisheries  and  Oceans,  the  Federal  Department  of  the  Environment,  the  Provincial 
Ministry  of  Natural  Resources,  the  Provincial  Ministry  of  Environment,  and  the  Royal 
Botanical  Gardens.  As  well,  discussions  were  held  with  designers  of  new  marsh  systems 
at  Long  Point  and  developers  involved  in  the  Perimeter  Road  and  Lax  Property. 

Aspects  considered  in  the  discussions  included: 

Assessment  of  fisheries  goal; 

Target  species; 

Identification  of  spawning,  habitat  and  nursing  areas  and  their  requirements; 

Relationship  of  toxic  compounds  to  fish  yield; 

Hypotheses  and  implications;  and 

Conceptual  design  of  potential  restoration  methods. 

From  the  discussions,  an  approach  to  development  of  the  warm-water  fishery,  a  set  of 
hypotheses  for  testing,  and  the  implications  of  the  hypothesis  were  critiqued.  These 
aspects  are  now  discussed. 

Approach  to  Development  of  Warm  Water  Fishery 

Much  is  known  about  the  Hamilton  Harbour  fishery  and  of  potential  methods  for 
enhancement  of  a  quality  fishery.  However,  there  are  many  unknown  factors. 
Accordingly,  the  following  approach  would  be  useful  for  enhancing  the  quality  of  a 
self-sustaining,  warm-water  fishery. 

1.  Develop  and  finalize  criteria  for  evaluating  achievement  of  the  Fisheries  Goal, 

2.  Develop  scientific  hypotheses  and  ways  of  evaluating  the  experiment. 


3  -  43 


3.        Layout  options  for  management. 

Hypotheses  for  Testing 

From  the  historical  perspective  of  there  being  a  warm-water  fishery  in  the  Harbour,  it 
is  reasonable  to  hypothesize  that: 

i)  "The  major  factor  limiting  the  present  warm  water  fishery  is  the  laci<  of  suitable 
habitat  for  reproduction  and  rearing. 

ii)        Hatching  is  the  key  factor  limiting  the  number  of  Pike  in  the  Harbour. 

iii)  Hatching  and  adult  habitat  is  the  key  factor  limiting  the  number  of  Largemouth 
Bass  in  the  harbour. 

iv)  Development  of  hatching  and  adult  habitat  will  have  a  substantial  impact  upon 
the  fishery,  without  substantive  changes  in  water  quality. 

v)  The  major  impact  of  water  quality  on  development  of  a  fishery  is  its  impact  upon 
water  clarity  and  the  associated  development  of  macrophyte  beds  for  adult  pike 
habitat  and  juvenile  and  adult  Largemouth  Bass  habitat. 

vi)  Other  unknown  factors  such  as  currents  along  the  exposure  shoreline  may  cause 
the  major  differences  in  macrophyte  densities  observed  along  the  North  shore. 

vii)  The  major  impact  of  toxic  substances  is  its  affect  on  the  edibility  of  the  fish  and 
human  perception  of  the  quality  of  that  flesh,  rather  than  on  the  extent 
(magnitude)  of  fish  yield. 

There  are  other  factors  which  could  impact  the  development  of  a  warm  water  fishery. 
Further  evaluation  of  these  factors  need  to  be  researched  to  assure  that  the  hypothesis 
advanced  above  are  appropriate. 

3.5.2  -  Implications  of  Hypothesis  for  Cost  Benefits  Framework  and  Analysis 

Gross  fish  yield  is  controlled  by  the  area  of  suitable  reproduction,  nursing,  and  living 
(adult)  habit.  These  hypotheses  infer  that  the  major  limiting  factors  are  reproductive 
and  nursing  habitat.  Thus  the  magnitude  of  sustainable  fish  yield  will  be  much  more 
sensitive    to    expenditures   spent    upon    nursing   and    reproductive    habitat    than    upon 
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changes  in  adult  habitat  and  hence,  upon  improvements  in  water  quality  as  expressed 
through  changes  in  water  clarity. 

Accordingly,  in  the  cost/benefit  analyses,  the  benefit/cost  ratio  for  expenditures  spent 
on  mitigating  measures  (such  as  fish  reefs,  wave  barriers,  development  of  a  marsh 
ecosystem  in  the  Grindstone  Creek  delta)  would  be  much  larger  than  the  benefit/cost 
ratio  for  expenditures  spent  upon  remedial  measures  (loading  control). 

It  is  recommended  that  these  hypotheses  be  viewed  as  a  hypotheses  rather  than  proven 
facts.  If  the  fishery  restoration  is  developed  along  the  lines  described  above,  it  is 
recommended  that  the  restoration  be  viewed  as  an  experiment  with;  (i)  appropriate 
criteria  for  measurement  being  taken  to  check  the  hypothesis;  (ii)  criteria  being 
developed  for  ascertaining  the  success  of  achieving  the  fisheries  goal;  and  (iii) 
alternative  options  developed  if  different  effects  result  from  the  restoration  effort. 

3.5.3  -  Scenario  of  Mitigating  Measures  for  Fishing  Restoration 

In  the  field  of  fisheries  management,  the  techniques  discussed  here  are  called 
restoration  techniques.  In  this  report,  they  are  described  as  either  "restoration 
techniques",  or  as  "mitigating  measures"  consistent  with  the  terminology  of  the 
remedial  action  plan  (RAP). 

Fisheries  restoration  is  assessed  in  this  report  for  six  areas  (Figure  3.9)  in  Hamilton 
Harbour. 

The  Grindstone  Creek  Upper  Water  (i.e.,  above  Hamilton  Harbour  water  level); 

Cootes  Paradise  (the  open  waters  of  the  East  Pond)  the  Perimeter  Road  area; 

the  Lax  Property; 

the  Perimeter  Road; 

the  Burlington  North  Shore;  and 

the  Grindstone  Creek  Delta 

While  Grindstone  Creek  upper  waters  and  Cootes  Paradise  are  not  in  the  Harbour 
proper  (i.e.,  the  waters  of  the  Harbour,  which  are  the  main  focus  of  the  project),  they 
must  be  considered  as  a  part  of  the  mitigating  measures  because  they  are  key  to  the 
development  of  a  self-sustaining  warm.-water  fishery.  That  is,  given  the  hypotheses 
developed  above,  all  expenditures  carried  out  to  develop  a  self-sustaining  warm-water 
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fishery  will  probably  be  ineffective,  unless  these  two  areas  are  also  considered  as  a 
part  of  the  RAP. 

A  scenario  for  mitigating  measures  related  to  the  warm  water  fishery  is  outlined 
below.    The  key  to  understanding  the  scenario  is  the  following: 

i)  Pike  spawning  habitat  is  physically  a  different  type  of  area  than  pike  nursery  and 
adult  habitat.  The  literature  indicates  that  the  optimum  ratio  of  spawning 
habitat    to   adult   habitat    is   0.25    to    1    (i.e.,    1    ha   to   4    ha;    V.  Cairns   personal 

communication.) 

ii)  Largemouth  Bass  use  the  same  habitat  for  spawning,  nursing,  and  adults 
activities.  The  key  here  is  the  need  for  structures  (old  rubber  tires,  rubble, 
macrophyte  beds)  which  they  can  use  to  defend  for  their  eggs  and  where  they  are 
out  of  view  from  each  other. 

The  basic  approach  for  the  scenario  is  to  treat  the  creation  of  suitable  physical  habitat 
for  spawning,  nursing,  and  adult  activities  as  the  first  requirement  and  then  to  assess 

the  impact  of  point  and  non-point  source  control  upon  adult  habitat. 

3.5.4  -  Description  of  Elements  of  Scenario 

A  summary  of  the  options  and  the  associated  areas  of  Fish  Habitat  is  given  in 
Table  3.14.  The  estimated  costs  of  each  restorative  action  are  given  in  Table  3.15.  A 
sequence  of  restorative  actions  is  given  in  Table  3.16  along  with  the  cumulative 
estimates  of  yield  of  Largemouth  bass  and  northern  pike  are  compared  to  the  estimates 
of  cumulative  cost  of  the  mitigating  (restorative)  and  remedial  (point  source  control) 
measures. 

The  upper  waters  of  Grindstone  Creek  are  composed  of  3  main  area:  Sunfish  Pond,  the 
Elbow  below  No.  2  Highway,  and  the  pond  above  No.  2  Highway.  The  total  area  of 
these  3  ponds  is  approximately  19  ha;  the  area  of  each  pond  is  respectively  3.2  ha,  9.3 
ha  and  6.0  ha.  The  lower  two  ponds  are  susceptible  to  water  level  variations  while  the 
upper  pond  is  above  long-term  water  level  variations.  The  area  occupied  by  plants  in 
these  ponds  has  declined  from  2.6  ha,  6.9  ha,  and  6.0  ha  in  1934  to  approximately  0.3, 
0.7  and  3.7  ha  in  1985.  A  reasonable  hypothesis  for  explaining  this  decline  (V.  Cairns, 
P.C.)  in  habitat  is  the  increase  in  water  levels  between  1934  and  1985  and  the 
associated  effect  of  wave  action,  siltation,  and  ice  effects  upon  macrophyte  beds. 
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The  remedial  measures  proposed  for  upper  Grindstone  Creek  are  as  follows.  For 
Sunfish  Pond,  a  berm  would  be  constructed  across  its  front  to  protect  it  from  wave 
action;  shaping  and  seeding  could  increase  the  area  for  pike  habitat  by  30%  of  the  total 
area.  Shaping  and  seeding  in  Elbow  Pond  would  increase  pike  habitat  by  30%.  Some 
modification  to  the  pond  on  #2  Highway  would  also  improve  spawning  habitat.  Based 
upon  literature  data,  it  is  hypothesized  that  these  improvements  may  increase  Pike 
spawning  from  2000  to  4000  fingerlings  per  year.  The  rational  for  this  is  detailed  in 
the  appendix. 

The  major  proposed  remedial  action  for  Cootes  Paradise  is  the  construction  of  4  cells 
to  provide  for  Pike  spawning  and  nursing  habitat  in  2  cells  of  size  60  ha  and  to  provide 
for  Largemouth  Bass  spawning  and  adult  habitat  in  the  other  two  cells  of  area  90  ha. 
These  4  cells  would  be  designed  to  occupy  about  80%  of  the  total  open  water  area  of 
the  East  Pond.  The  remaining  area  of  the  total  area  of  Cootes  of  252  ha  is  occupied  by 
marsh.  It  is  assumed  that  30%  of  the  smaller  two  cells  would  be  designed  for  Pike 
spawning  habitat  and  that  another  20  ha  would  be  suitable  for  nursery  or  adult  habitat 
for  adult  Pike;  coupled  with  50%  of  the  existing  marsh  area,  the  total  Pike  habit  is  40 
ha  (Table  3.14).  For  Largemouth  Bass,  it  is  assumed  that  approximately  50%  of  the 
larger  two  cells  would  provide  bass  habitat  for  a  total  of  70  ha  when  50%  of  the 
existing  marsh  land  in  Cootes  Paradise  is  included  in  the  estimate. 

The  cost  estimates  are  based  upon  the  present  Ducks  Limited  proposal  which  estimates 
approximately  $200,000  to  $300,000  for  one  cell  of  area  40  ha  and  5500,000  for  two 
cells  of  area  60  ha.  Values  of  $800,000  were  originally  estimated  in  the  preliminary 
concept  evaluation  for  construction  of  four  cells  in  Cootes;  a  figure  of  $1  million  (see 
Table  3.15)  was  chosen  for  use  in  this  study  for  the  four  cells. 

In  addition  to  providing  fish  habitat,  these  cells  would  also  provide  benefit  for 
waterfowl,  potentially  other  land-based  wildlife,  and  for  suspended  solids  control.  The 
first  two  cells,  for  pike  habitat,  could  be  constructed  first  in  the  shallowest  western 
end  of  the  East  Pond.  After  a  period  of  time  when  silt  from  Chedoke  Creek  and 
Spencer  Creek  have  sufficiently  filled  in  more  of  the  pond,  the  last  two  cells  would  be 
built.    Alternatively,  all  four  cells  could  be  built  at  once. 

Each  cell  will  have  to  be  pumped  dry  once  every  five  to  ten  years  to  achieve  the 
desired  effects  upon  vegetation  (i.e.,  their  ecology  requires  that  the  soil  and  root 
structures  dry  out  periodically).     This  coupled  with  periodic  berm    maintenance  will 
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require  some  0(5cM  costs  on  a  continuing  basis.  The  value  given  in  Table  3.15  is  an 
estimate. 

The  additional  habitat  for  the  Perimeter  Road  and  the  Lax  Property  is  assumed  to  be 
constructed  as  a  part  of  the  two  redevelopment  proposals  presently  being  pursued  by 
the  Region  of  Hamilton-Wentworth  and  the  City  of  Hamilton  respectively.  The 
estimates  of  area  of  habitat  associated  with  the  Perimeter  Road  (see  Table  3.14)  are 
based  upon  creating  optimum  habitat  to  a  depth  of  3.5  m.  The  costs  (Table  3.15)  are 
based  upon  an  estimate  of  220,000  m"^  of  fill  being  required  (Dillion  Engineering, 
personal  communication)  and  the  average  Harbour  dredging  cost  of  $5  per  cubic  meter, 
and  an  additional  $100,000  for  rubble  and  other  features.  Similar  assumptions  are 
made  for  habitat  around  the  Lax  property,  except  it  is  assumed  that  only  60%  of  the 
perimeter  would  be  suitable  habitat  due  to  the  design  of  breakwalls  and  other 
architectural  features.  Rough  estimates  presently  place  costs  for  underwater  work  at 
the  Lax  property  at  $7  million;  it  is  assumed  that  somewhat  in  excess  of  5%  of  this 
cost  would  be  required  to  create  underwater  habitat  (Table  3.15). 

The  North  Shore  of  Burlington  provides  the  largest  potential  area  of  adult  habitat  in 
the  whole  Harbour  (Table  3.14).  However,  the  steepness  of  the  shoreline,  its  openness 
to  wave  action,  and  the  lack  of  features  appear  to  be  the  largest  inhibitor  to  the 
development  of  macrophyte  beds.  At  present,  for  the  harbour  area  from  the  North 
Shore  around  to,  and  including  the  Lax  Property,  only  24%  has  heavy  macrophyte 
densities,  while  23%  has  moderate  densities,  38%  has  sparse  densities  and  15%  has 
none.  It  is  hypothesized  that  waves  and  sediment  erosion  are  the  major  factors 
limiting  the  development  of  optimum  beds  around  the  periphery  of  the  Harbour.  This, 
combined  with  the  relationship  between  fish  production  and  different  macrophyte 
densities  (see  Appendix  2),  limits  fish  yield  to  approximately  40%  of  optimum. 

At  present,  optimum  or  near  optimum  macrophyte  densities  occur  in  only  a  few  areas, 
along  the  North  Shore  including  the  Lasalle  Marina.  The  major  restorative  technique 
proposed  for  the  North  Shore  is  the  installation  of  12  sets  of  brush  bundles  and  rock- 
rubble  underwater  reefs  which  may  create  1  ha  per  set  of  optimum  macrophyte 
densities  and  hence  fish  habitat.  Each  set  would  cost  approximately  $10,000.  The 
order  of  magnitude  estimate  for  O&M  costs  is  $5,000/yr.  (Table  3.15).  It  is  assumed 
that  existing  habitat  and  brush  bundles/artificial  reefs  would  result  in  12  ha  of 
optimum  habitat  (Table  3.15). 
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The  remaining,  non-restored,  area  of  the  North  Shore  is  126  ha.  Macrophyte  beds  may 
develop  in  this  area  depending  upon  the  depth  of  light  penetration.  Improvements  of 
light  penetration  is  assessed  in  Table  3.16  as  a  function  of  control  of  point  and  diffuse 
sources. 

The  proposed  restorative  technique  for  the  Grindstone  Creek  delta  consists  of 
construction  of  islands  upon  which  submergent/emergent  vegetation  could  develop. 
The  area  of  Grindstone  Creek  considered  (See  Figure  3.8)  is  the  water  area  to  a  depth 
of  2.7  m  (i.e.,  at  its  mouth).  The  top  of  the  islands  would  be  seeded.  Scirpus  and 
Spargianium  are  candidate  plants.  During  years  of  low  water,  the  top  of  the  islands 
would  be  completely  out  of  the  water,  while  during  high  water,  the  top  of  the  islands 
would  be  somewhat  below  water.  During  low  water  level  years,  vegetation  would 
develop  down  the  slope  of  the  island. 

It  is  assumed  that  5%  of  the  area  may  be  a  reasonable  estimate  of  spawning  habitat  for 
both  pike  and  bass.  The  estimates  for  cost  of  construction  (Table  3.15)  are  based  upon 
moving  40,000  m^  of  material  at  $5  per  m"^.  It  is  suggested  that  the  islands  be  placed 
to  aid  channelization  of  silt  coming  from  Grindstone  Creek.  The  islands  could  be 
constructed  from  material  from  the  bottom  of  the  basin. 

An  alternative  design  involving  the  placing  of  a  tire  breakwall  across  the  mouth  of 
Grindstone  Creek  was  also  considered.  Analysis  of  the  resultant  wave  energ\- 
indicated,  however,  that  sediment  erosion  would  still  prevent  development  of 
macrophyte  beds.  Accordingly,  the  island  concept  was  developed  to  act  as  a  nucleus 
for  plants  which  could  adjust  to  different  water  levels,  to  protect  extensive  areas  from 
wave  action,  and  to  aid  channelization  of  the  inflowing  silt  load  from  Grindstone  Creek 
out  to  the  main  bay.  As  well,  inspection  of  aerial  photos  suggest  that  part  of  the 
turbidity  plume  from  Cootes  Paradise  is  transported  into  Grindstone  Creek  delta.  Over 
the  long  term,  the  Grindstone  Creek  should  be  the  main  source  of  silt  in  the  Grindstone 
Delta  because  gravity  will  carry  silt  from  Cootes  out  into  the  deeper  bay  areas. 
However,  transient  inputs  from  Cootes  to  the  Grindstone  Delta  are  possible.  An  island 
could  be  placed  at  the  mouth  of  the  delta  to  minimize  the  inputs  of  silt  from  Cootes. 

The  sequence  of  restorative  measures  (Options  1  to  6,  Table  3.16)  roughly  meet  the 
empirical  criteria  of  0.25  ha  of  spawning  habitat  for  every  ha  of  adult  habitat  for  pike. 
The  total  potential  area  for  spawning  habit  is  27  ha  (See  Table  3.14).  The  total 
optimum  adult  area  is  56  ha  (40  ha  in  Cootes,  16  ha  along  the  north  shore).    In  addition. 
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there  is  175  ha  of  suboptimal  habitat  in  the  Perimeter  Road,  Lax  Property,  Burlington 
North  Shore  and  Grindstone  delta  areas;  the  actual  optimal  habitat  is  a  function  of 
light  penetration  and  wave  effects.  For  present  conditions  (i.e.,  with  no  point  source 
control),  light  penetration  results  in  an  additional  47  ha  of  habitat  for  a  total  of  103  ha. 
Thus,  the  ratio  would  be  27:103  which  is  approximately  .26:1.  With  point  source 
control,  remedial  measures  would  increase  water  clarity  and  give  additional  adult 
habitat  of  approximately  40  ha;  this  gives  a  spawning  area  to  adult  habitat  area  ratio 
of  0.19:1  (i.e.,  27  ha  to  143  ha).  These  values,  however,  ignore  the  effect  of  waves  and 
other  factors  upon  habitat.  Along  the  north  shore,  the  optimal  area  is  equivalent  to 
approximately  40%  of  the  total  area.  Thus  waves  cause  present  conditions  to  have  an 
areal  ratio  of  27:75  (where  75  =  56  +  0.4  x  47)  or  0.36:1  and  point  source  control  to 
have  a  ratio  of  27:91  (where  91  =  56  +  0.4  x  88).  or  0.3:1. 

Overall,  it  is  concluded  that  the  ratio  of  hatching  habitat  to  adult  habitat  is  within  the 
range  suggested  by  the  literature.  This  ratio  can,  however,  be  developed  only  if 
substantive  spawning  habitat  is  developed  in  Cootes  Paradise.  There  are  no  other 
suitable  areas;  the  potential  areas  in  the  Grindstone  Creek  Upper  Delta  are  not  large 
enough.  If  only  the  Grindstone  Creek  area  were  restored,  restoration  of  a  limited  area 
in  the  Harbour  proper  of  approximately  30  ha  would  be  justified.  Alternatively,  if  only 
Grindstone  Creek  is  restored,  it  is  hypothesized  that  the  fishery  would  not  be  self- 
sustaining.    Rather,  it  would  have  to  be  hatchery  supported. 

One  other  word  of  caution  is  in  order.  Within  the  field  of  fisheries  management  in 
Ontario,  in  Canada,  and  possibly  in  North  America,  it  is  our  understanding  that  the 
success  of  restoration  of  such  an  urban  fishery  has  not  been  demonstrated. 
Accordingly,  the  restoration  of  the  whole  Harbour  fishery  should  be  viewed  as  an 
experiment  with  proper  hypotheses  being  formulated,  criteria  for  assessing  the  success 
of  the  experiment  specified  before  its  initiation,  and  methods  for  measuring  the 
scenario  of  the  experiments  being  established  a  priority. 

3.5.5  -  Results 

The  estimates  of  yield  of  a  cumulative  sequence  of  remedial  and  mitigating  measures 
for  fisheries  are  given  in  Table  3.16  for  the  following  sequence  of  measures: 

1.  Enhance  Grindstone  Upper  (Grindstone  Creek  Above  the  Harbour) 

2.  Enhance  Cootes  Paradise 
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3.  Enhance  Grindstone  Creek  Delta 

4.  Enhance  North  Shore  of  Burlington 

5.  Enhance  Lax  Property 

6.  Enhance  Perimeter  Road 

6  Prime  Existing  Situation  With  Above  Restoration 

7.  Cumulative  Effect  of  Point  Source  Control  to  Option  9:    Sand  Filters  on 
Hamilton  -  Wentworth  Sewage  Treatment  Plant 

8.  Cumulative   Effect  of  Point  and   Diffuse  Source  Control  to  Option   14: 
Combined  Sewers  Overflow  Control. 

Measures  1  to  6  represent  the  potential  effect  of  the  restorative  measures  on  pike 
hatching  and  fingerling  production,  and  on  adult  pike  and  adult  bass  yield.  The  yield 
estimates  for  measures  1  to  6  are  based  upon  light  independent  components.  The  6 
prime  measure  represents  the  additional  pike  and  bass  yield  due  to  light  penetration 
under  current  loadings  to  the  Harbour,  if  the  restorative  techniques  (measures  1  to  6) 
were  used  to  create  the  maximum  potential  adult  habitat  down  to  a  depth  of 
3.5  metres.  Light  independent  yield  results  from  restoration  of  Cootes  Paradise  and 
the  Grindstone  Delta  in  which  light  penetration  has  no  effect  upon  fish  yield  estimates. 
Light  penetration  has  an  effect  upon  fish  yield  in  the  Perimeter  Road  and  Lax 
property.  The  North  Shore  of  Burlington  have  both  light  independent  (under  water 
structures)  and  light  dependent  effects  upon  fish  yield  (see  page  Appendix  F). 

Measures  7  and  8  represent  the  additional  yield  resulting  from  the  cumulative  effect  of 
remedial  measures  described  in  the  previous  section  and  the  associated  cumulative 
cost.  Measure  7,  which  represents  the  cumulative  effect  of  point  source  control  to  and 
including  Option  9  of  the  Eutrophication  scenario,  includes  the  effect  of  nitrification  in 
the  Burlington  and  Hamilton  -  Wentworth  Sewage  Treatment  Plants,  industrial  cleanup 
and  implementation  of  sand  filtration  at  the  Hamilton-Wentworth  Sewage  Treatment 
Plant.  Measure  8,  which  represents  the  cumulative  effect  of  point  and  diffuse  source 
control  to  and  including  Option  14  (storage  of  Combined  Sewers  Overflows)  of  the 
Eutrophication  scenario,  includes  the  additional  effect  of  sand  filters  at  the  Burlington 
Sewage  Treatment  Plant,  natural  cleanup  processes,  and  storage  of  Combined  Sewers 
Overflow's  from  the  downtown  and  industrial  areas  of  Hamilton.  Control  Option  13 
(Natural  Cleanup)  of  the  Eutrophication  scenario  is  not  properly  modelled  in  the  Ng 
model  '  because  changes  in  phosphorus,  ammonia,  and  nitrate  fluxes  with  the 
sediments  over  time  are  not  considered  in  the  modelling  methodology,  described  in  the 


51 


previous  section.  However,  its  effect  should  be  small  in  the  overall  evaluation  of  the 
impact  of  Option  13  upon  light  penetration. 

Measures  7  and  8  were  chosen  for  evaluation  in  the  self-sustaining,  warm-water  fishery 
because  they  represent  points  in  the  cost-effectiveness  curve  for  adult  habitat  where 
substantive  improvements  in  light  penetration  result  (see  Figure  3.7a)  in  the 
Eutrophication  scenario. 

The  procedure  for  estimating  the  yield  of  Northern  Pike  and  Largemouth  Bass  are 
given  in  Appendix  2.  For  the  hatching  of  Northern  Pike,  a  range  of  200  to  1200  pike 
fingerlings  have  been  observed  to  develop  per  acre  of  spawning  habitat  in  various 
management  areas.  In  this  report,  it  was  assumed  that  500  fingerlings  per  acre  could 
result.  The  yield  estimates  are  based  upon  the  reservoir  management  literature  which 
suggests  that  30  kg  of  Largemouth  Bass  per  ha  per  year  can  develop  in  optimum 
macrophyte  densities  of  50  kg.  (dry  weight)  per  ha  and  that  13  kg  of  Northern  Pike  can 
develop  per  year  per  ha. 

The  possible  yield  for  each  mitigating/remedial  measures  are  given  in  Table  3.16  as  the 
upper  end  of  the  range.  The  lower  end  of  the  range  is  based  upon  assuming  that  a 
probable  range  is  20%  to  100%  of  the  possible  yield.  The  cumulative  yield  estimates  do 
not  exactly  equal  the  numerical  values  of  the  individual  measures  due  to  the  attempt 
to  use  only  one  figure  accuracy  in  constructing  the  table. 

The  yield  estimates  given  in  Table  3.16  for  Northern  Pike  indicates  that  of  the  order  of 
20,000  fingerlings  may  develop  and  of  the  order  of  600-3000  adult  Pike  assuming  an 
average  weight  of  0.5  kg/adult.  The  relative  number  which  would  grow  from 
fingerlings  to  adulthood  requires  further  assessment. 

The  yield  estimates  for  Pike  and  Bass  should  be  viewed  with  some  circumspection  in 
view  of  the  lack  of  significant  numbers  of  Pike  and  Bass  in  1987.  Pike  spawning  has 
been  observed  in  Grindstone  Creek  above  Highways  2  and  52,  while  Largemouth  Bass 
have  been  found  mainly  in  the  Lax  Property  area.  The  observed  numbers  of  Pike  and 
Bass,  which  are  two  orders  of  magnitude  below  the  potential  yield  estimates  indicated 
in  Table  3.16,  may  challenge  the  credibility  of  the  estimate  of  Table  3.16.  However, 
electroshocking  in  Cootes  Paradise  needs  to  be  carried  out  to  give  good  estimates  of 
the  numbers  and  mass  of  fish  because  Cootes  may  contain  many  of  the  Pike  and  Bass 
found  in  the  Harbour  ecosystem.    Furthermore,  accepting  the  hypothesis  that  hatching 
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habitat  for  Northern  Pike  and  hatching/adult  habitat  for  Largemouth  Bass  are  limiting 
current  conditions,  a  substantive  increase  in  numbers  of  these  two  species  is  expected. 
Finally,  these  two  species  are  top  species  in  the  food  chain  and  indicators  of  other 
quality  species.  Hence,  as  indicators  of  other  quality  species  with  similar  ecolog\-, 
these  yield  estimates  would  be  reasonable. 

It  is  possible  also  that  growth  of  other  species  would  result  in  higher  overall  estimates 
of  sport  fish  productions.  However,  for  comparable  reservoirs  in  the  mid  U.S.A.  with 
chlorophyl  levels  similar  to  those  of  the  Harbour  (i.e.,  of  the  order  of  35  ug/L),  the 
total  sportfish  yield  was  approximately  90  kg/ha/yr  with  a  90%  confidence  interval  of 
60-140  kg/ha/yr  (Jones  and  Hoyer,  1982).  When  different  sunlight  factors  (Schlosinger 
and  Regier,  1982)  are  taken  into  account,  an  upper  limit  for  production  of  the  order  of 
50  kg/ha/yr  in  the  Harbour  may  be  a  reasonable  limit.  Accordingly,  the  upper  limits  of 
yield  in  the  Harbour  given  in  Table  3.16  are  reasonable  because  they  are  based  upon  13 
kg  Pike/ha/yr  plus  30  kg  Bass/ha/yr. 

The  fish  yield  from  the  different  mitigating  and  remedial  actions  are  compared  to  the 
cumulative  costs  of  options  in  Table  3.17.  The  first  column  gives  the  cost  in  present 
dollars  while  the  second  column  gives  the  cost  in  constant  dollars.  Present  dollars  are 
analogous  to  the  cost  of  a  mortgage  with  the  annual  cost  of  paying  off  capital 
decreasing  as  a  percent  of  total  income  keeps  pace  with  inflation.  Constant  dollars 
represent  an  increasing  payment  annually  to  keep  the  total  payment  constant  when  the 
effects  of  inflation  are  accounted  for. 
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TABLE  3.17 


COMPARISON  OF  FISH  YIELD  AND  COSTS  FOR  MITIGATING  AND 
REMEDIAL  ACTIONS 


No. 

Option 

Cumulative  Estimate 

of  Yield  (kg/yr) 

of  Option 

Cumulative 

Cost  in 

Present  Dollars 

(Million  Dollars) 

Cumulative 

Cost  m 

Constant  Dollars 

(Million  Dollars) 

Pike 

Bass 

1. 

Enhance  Upper 
Grindstone 

-- 

- 

023 

.017 

2. 

Enhance  Cootes 
Paradise 

100-500 

400-2000 

.16 

14 

3. 

Grindstone  Delta 

120-600 

500-2300 

20 

.16 

4. 

North  Shore 
Burlington 

200-1000 

500-3200 

.22 

.18 

5. 

Lax  Property 

200-1000 

600-3200 

.32 

23 

6. 

Perimeter  Road 

200-1100 

700-3400 

.49 

33 

7. 

Sand  Filters  in 
Hamilton  STP 
(Option  9  of  WQ 
Scenario) 

200-1200 

700-3700 

10 

5.0 

8 

CSO  Control 
(Option  Mof WQ 
Scenario) 

300-1400 

800-4200 

20 

1  1 

The  cost-effectiveness  of  the  sequence  of  mitigating  and  remedial  measures  can  be 
judged  by  inspection  of  Table  3.17.  The  mitigating  measures  for  the  six  habitat 
restorative  options  (Upper  Grindstone  Creek,  Cootes,  Grindstone  Delta,  Burlington 
North  Shore,  Lax  Property,  Perimeter  Road)  are  over  an  order  of  magnitude  more  cost 
effective  than  the  remedial  measures  considered.  The  estimates  suggest  that  the 
objective  of  a  self-sustaining,  warm-water  fishery  is  much  more  elastic  for 
expenditures  upon  mitigating  measures  than  for  expenditures  upon  remedial  measures. 

However,  the  mitigating  measures  are  goal  specific,  directed  towards  the  self- 
sustaining  warm  water  fishery  goal,  while  the  remedial  measures  are  broader  in  their 
focus  with  potential  benefits  for  several  other  factors  including  toxicity  concerns  and 
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edibility  of  fish.  The  impact  of  remedial  measures  on  toxic  substances  is  being 
analysed  in  a  preliminary  fashion  and  summarized  in  a  later  section  of  this  report.  The 
other  benefits  from  the  remedial  measures  and  the  resultant  economic  perspective  are 
assessed  in  Chapter  4  of  this  report. 

3.6      Assessment  of  Cost  Effectiveness  of  Control  of  Toxic  Substances 
3.6.1  -  Introduction 

A  framework  for  assessing  the  impact  of  remedial  and  mitigating  measures  upon  toxic 
substances  requires  the  following  elements  to  quantify  cost-effectiveness  and  to 
provide  input  into  the  economic  framework. 

i)  the  toxic  substances  of  most  concern  to  human  and  ecological  health  must  be 
defined; 

ii)  the  levels  of  inputs  and  the  concentrations  of  these  substances  in  various  biota 
and  geochemical  reservoirs  (e.g.,  water,  sediment)  are  model; 

iii)      the  effect  of  control  on  loadings  and  on  in  place  pollutants  must  be  quantified; 

iv)  the  effect  of  these  measures  upon  the  various  ecological  niches  (including  the 
fishery  in  the  case  of  assessing  a  self-sustaining  edible  fishery)  must  be 
quantified; 

v)  the  benefits  to  humans  (or  the  decrease  in  risk  due  to  exposure  to  such  toxic 
substances)  must  be  quantified; 

vi)  the  value  of  these  benefits  to  humans  must  be  assessed  either  quantitatively  (for 
economic  purposes)  or  qualitatively  (for  assessing  intrinsic  benefits): 

The  establishment  of  such  a  framework  and  its  implementation  was  started  in  this 
study.  It  was  not  feasible  to  build  such  a  framework  into  the  cost-effectiveness  or  a 
cost-benefit  analysis  of  this  study  for  the  following  reasons: 

i)  The  target  compounds  to  be  used  for  an  assessment  could  not  be  established 
because  recent  measurements  of  the  various  trace  metals  and  synthetic  organic 
chemicals  in  fish  were  not  made  available  to  this  study  at  the  conclusion  of  th 
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study.      In    addition,    only    limited    data    exist    for    the    body    burden    of    these 
substances  in  various  biota. 

ii)  Loadings  of  various  possible  subtances  (e.g.  mercury,  PAH's)  are  known 
imprecisely;  accordingly  it  is  not  possible  to  quantify,  with  much  assurance  the 
change  in  inputs  which  would  occur  with  the  implementation  of  the  various 
remedial  measures  considered  in  Section  3.4.  Loadings  of  other  possible  target 
substances  (e.g.,  zinc,  copper)  are  known  in  much  better  fashion. 

iii)  The  potential  response  to  in  place  contaminants  in  the  sediments  is  known 
imprecisely  without  constructing  appropriate  mathematical  models.  Techniques 
for  formulating  such  models  are  available,  but  have  not  been  constructed  nor 
tested  on  the  Harbour.  Accordingly,  the  confidence  that  we  have  in  such  tools 
requires  further  assessment. 

iv)  Tools  for  assessing  the  potential  benefits  to  humans  in  terms  of  risk  reduction  are 
evolving.    The  synergistic  effects  of  various  compounds  are  not  well  understood. 

v)  The  impact  of  the  toxic  substances  on  various  ecological  niches  are  being 
researched.  This  information  is  required  to  develop  an  understanding  of  the 
benefit  to  the  ecosystem. 

vi)  The  formulation  of  the  impact  of  toxic  substances  control  into  an  economic 
framework  can  be  done  qualitatively  but  not  quantitatively.  Furhter  research 
into  the  human  perception  of  "gut  toxic  substances"  out  at  any  cost,  as  stated  by 
stakeholders,  is  required  to  provide  information  for  the  economic  assessment 
outlined  in  Chapter  5. 

Accordingly,  in  this  remainder  of  the  section,  an  approach  to  the  assessment  of  risk 
from  toxic  substances  is  presented  and  an  estimate  of  costs  of  controlling  toxic 
substances  in  sediments  is  presented.  The  degree  to  which  remedial  measures 
considered  in  Section  3.4  are  effective  in  reducing  inputs  to  toxic  substances  to  the 
Harbour  is  not  considered.  The  effectiveness  of  mitigative  measures  which  are  costed, 
required  further  analyses  before  presentation  in  this  document. 
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3.6.2  -  Framework  for  Assessment  of  Risk  From  Radiolo^caJ  Substances 

Radioisotopes  of  various  elements  may  pose  a  health  hazard  to  humans  through 
external  (beach  walking,  swimming,  showers)  and  internal  (drinking  water,  food) 
pathways.  The  radiological  impact  to  humans  can  be  assessed  quantiatively  through  a 
methodology  which  has  been  developed  by  radiologists.  The  methodology  assesses  the 
potential  radiation  damage  to  various  tissues  and  organs  in  the  body.  For  our  purposes, 
this  information  can  be  reduced  to  the  following: 

i)         The  risk  to  humans  is  assessed  using  units  of  Sieverts  (Sv). 

ii)  The  concentration  of  various  radioisotopes  in  water,  sediments,  biota  and  humans 
is  measured  using  units  of  radiological  activity  called  Becquerel  (Bq).  For 
example,  the  concentration  in  water  has  units  of  Bq/L  rather  than  mg/L. 

iii)  The  degree  of  exposure  to  humans  is  related  to  the  body  burden  using  a  set  of 
dose-conversion  factors  (DCF),  developed  by  radiologists.  Different 
radioisotopes  have  different  DCF's. 

The  Cities  of  Hamilton  and  Burlington  have  a  variety  of  research  and  hospital  facilities 
which  utilize  radioisotopes  in  their  studies  and  for  treatment  protocols  respectively. 
Many  of  the  isotopes  are  injected  into  patients  and  then  excreted  either  in  urine  or  in 
stool.  In  many  cases,  these  low-level  radioisotopes  cannot  be  collected  for  special 
disposal  resulting  in  small  quantities  being  excreted  or  disposed  directly  into  the 
sewage  system. 

A  study  was  undertaken  (BEAK;  1988,  Eedy  et  al.,  1986)  for  the  Canadian  Atomic 
Energy  Control  Board  to  asssess  the  impact  of  the  disposal  of  these  radionuclies 
through  the  sanitary  sewer  system,  landfills  and  incinerators.  The  pathways  and 
biochemical  compartments  evaluated  are  given  in  Figure  3.10(a),  the  location  of  the 
major  sewage  treatment  plants,  landfills,  and  incinerators  selected  are  indicated  in 
Figure  3.10(b).    The  radioisotopes  considered  were: 

•  tritium  (H-3), 

•  carbon-14  (C-14), 

•  phosphorus-32  (P-32)  and  phosphorus-33  (P-33), 

•  sulphur-35  (S-35), 

•  chromium-51  (Cr-51), 
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cobalt-57  (Co-57), 
nickel-63  (Ni-63), 
zinc-65  (Zn-65), 
gallium-67  (Ga-67), 
selenium-75  {Se-75), 
technetium-99m  (Tc-99m), 
iodine-125  (1-125), 
iodine-131  (1-131), 
thallium-201  (Tl-201), 
polonium-201,  (PO-201) 
americium-241  (Am-241), 

An  inventory  was  conducted  of  the  research  laboratories,  medical  treatment  centres, 
industrial  and  domestic  sources  of  such  wastes  to  determine  the  types,  volumes  and 
methods  of  their  disposal.  Computer  models  were  then  used  to  trace  the  radioisotopes 
through  the  worst-case  exposure  potential  to  both  municipal  workers  and  the  public.  A 
summary  of  pertinent  results  is  presented  below. 

The  assumptions  used  in  the«.study  were  conservative,  following  the  theory  that  if 
calculations  assuming  the  maximum  potential  exposure  result  in  acceptable  risk  levels 
there  is  nothing  to  fear.  At  the  Hamilton  Sewage  Treatment  Plant,  dosimetry  was 
calculated  for  workers  in  the  aeration  and  sludge  areas  as  well  as  ash  loaders  and 
truck  drivers  at  the  sludge  incinerator.  In  addition,  dosimetry  was  calculated  from  all 
waste  treatment  sources  for  the  most  highly  exposed  members  of  the  general 
population.  The  maximum  total  potential  exposure  was  calculated  by  assuming  that 
workers  were  also  members  of  the  population  and  thus  adding  the  two  calculated  doses. 
These  results  are  summarized  in  Table  3.18. 

The  highest  annual  dose  was  calculated  for  the  aeration  worker  who  is  also  a  member 
of  the  critical  population.  Other  worker  dose  calculations  were  slightly  lower.  This 
maximum  potential  does  of  2.0  x  IQ-S  Sv/a/p  (2.0  u  Sv/a/p)  compares  to  the  regulated 
maximum  annual  exposure  for  the  general  public  (a  level  felt  to  be  safe)  of  5  x  10"3 
Sv/a/p  (5,000  u  Sv/a/p).  It  also  compares  to  average  natural  background  radiation 
levels  in  North  America  (Wenk,  1980)  of  about  1.1  m  Sv/a/p  (1,100  u  Sv/a/p). 
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TABLE  3.18 


TOTAL  MAXIMUM  POTENTIAL  RADIOISOTOPE  DOSE  CALCULATED 

FOR  SEWAGE  TREATMENT  PLANT  WORKERS  WHO  ARE  ALSO 

MEMBERS  OF  THE  CRITICAL  POPULATION  (Sv/a/p) 


Persons 


Aeration  Workers 


Sludge  Workers 


Ash  Loaders 


Ash  Truck  Drivers 


Critical  Members  of  General  Pooulation' 


Maximum  Annual  Dose  (Sv  a  p) 


2  0  X  10-6 


1  3  X   10-5 


9  8  X  10-' 


12x10-6 


7  7  X  10-' 


Included  m  worker  dose  calcuaition. 


Thus,  the  maximum  dose  is  only  about  1/500  or  0.2%  of  the  exposure  from  natural 
sources  and  1/2500  or  0.04%  of  the  regulated  limit.  For  this  reason,  it  was  concluded 
that  incidental  disposal  of  radiosotopes  into  the  Hamilton  sewage  system  poses  no  risk 
to  wortcers  nor  to  the  public. 

3.6.3  -  Framework  for  Toxic  Substances 

The  limnological  pathway  model  used  for  the  radioisotopes  is  given  in  Figure  3.11.  A 
similar  pathway  model  was  initiated  for  toxic  substances  but  not  completed  at  the 
conclusion  of  this  study.  Its  development  would  aid  in  finalizing  an  assessment  of  cost- 
effectiveness  of  remedial  and  mitigating  measures. 

3.6.4  -  Cost  Factors  Related  to  Remedial  and  Mitigative  Measures  for  Toxic  Substance 
Control 

The  major  costs  requiring  assessment  are  those  related  to  mitigative  measures  as  the 
major  remedial  measures  and  their  costs  were  detailed  earlier.  Costing  data  for  the 
various  mitigative  measures  were  not  available  for  Hamilton  Harbour.  Accordingly, 
data  synthesized  for  the  Bay  of  Quinte  are  used  as  a  preliminary  data  base. 
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FIGURE  3.11 
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The  plausible  options  for  consideration  include: 

•  null  option  (allowing  sediments  to  clean  themselves  up  as  point  source  control  is 

initiated); 
alum  injection; 
iron  injection; 
lime  addition; 
oxygenation;  and 
dredging. 

Based  upon  the  unit  area  costs  for  the  Bay  of  Quinte,  the  following  costs  (on  an  annual 
basis  in  present  dollars)  would  result: 


Null  option  (allow  natural  cleanup) 


Alum  injection  (assuming  injection 
every  3  years) 

Lime  addition  (assuming  injection 
every  year) 

Oxygenation  (assuming  addition 
every  summer  for  two  units) 

Sediment  burial  (once  very  ten  years) 

Dredging  (10  year  amortization  period; 
volume  dredging  is  6.2  x  10°  m^; 
disposal  costs  are  assumed  to  be 
15  percent  of  dredging  costs) 


No    cost    (included    in    point 
source  control  estimates) 


1  to  2  million/year 

1  to  2  million/year 

0.2  to  0.3  million/year 
1  to  2  million/year 

6  to  7  million/year 


To  establish  the  effectiveness  of  these  options,  their  relative  ease  of  implementation 
and  their  detrimental  effect,  additional  studies  are  required. 


3.7      Assessment    of    Cost    Effectiveness    of    Remedial    and    Mitigative    Measures    for    a 
Swimming  End  Use 

The  overall  sequence  of  remedial  and  mitigative  measures  considered  in  Section  3.4  for 
eutrophication  control  also  enhances  the  potential  for  swimming  in  the  Harbour. 
However,  the  actual  effectiveness  of  the  control  measures  is  not  known  quantitatively 
without  source-receptor  modelling  and  without  a  bacterial  budget  for  the  bay.  Such 
work  is  required  in  light  of  findings  later  in  this  study  that  the  "swimmability  of  the 
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harbour"  is  one  use  which  has  a  potentially  large  economic  value,  especially  non-use 
values. 

The  major  points  along  the  sequence  of  18  control  measures  of  the  eutrophication 
scenario  where  marked  improvement  in  the  "swimmability  of  the  harbour"  would  occur 
are  Measure  9  (Sand  Filters  at  the  HWSTP),  Measure  14  (CSO  Control)  and  Measure  19 
(Discharge  to  Lake  Ontario).  With  the  implementation  of  sand  filtration,  a  substantial 
reduction  in  the  discharge  of  fecal  coliforms,  the  parameters  for  assessing 
swimmability  by  the  wastewater  treatment  plant,  should  occur.  CSO  control  would 
result  in  reduction  of  another  major  source  of  bacterial  discharges  from  the  STP's. 

For  swimming,  accordingly,  the  following  sequence  of  remedial  and  mitigative 
measures  would  be  useful  for  consideration. 

1.  Improved  Disinfection  of  the  STP  (cost  of  the  order  of  $0.2  million/yr.). 

2.  Sand  filtration  at  Hamilton  STP  (S9.7   million  in  present  dollars,  S6.2   million  in 
constant  dollars). 

3.  Retention   basins   for   CSO    control   (S19.6    million/yr.    in   present   dollars,    $11.9 
million/yr.  in  constant  dollars). 

4.  Creation  of  swimming  beaches: 

•  425  metre  beach  at  Hamilton  Island  Lagoon; 

•  two  50  metre  beaches  along  the  Burlington  shore;  and 

•  100   metre  beach  at  Lasalle  Parks  (estimated  cost   is  $0.5    million  capital 
excluding  land  acquisition  costs  with  O  &  M  of  $0.25  million/yr.) 

5.  Curtains    around    beach    areas    and    disinfection    within    the    curtains    (estimated 
capital  cost  of  $0.15  million,  and  O  ik  M  of  $0.1  to  $0.5  million/yr.). 

The  costs  for  the  swimming  beaches  are  based  upon  $0.5  million  for  creation  of 
1.5  km"  of  fill  and  underwater  habitat  of  the  Perimeter  Road,  an  area  of  1.5  km 
above  and  below  water  level  being  filled  to  create  these  beach  areas  and  an  assumption 
of  10  life  guards  per  500  m  beach  working  10  hr.  days  for  90  days.  The  cost  estimates 
given  above  include  costs  of  the  Hamilton  Island  beach  as  well  as  the  three  Burlington 
area  beaches.  The  capital  costs  ($0.15  million)  of  the  curtains  are  based  upon  assuming 
2  km  of  curtains,  2.5  m  wide  are  required  to  isolate  the  beach  waters  from  Hamilton 


3  -  61 


Harbour  and  a  unit  cost  of  S25/m  (the  value  assumed  for  the  Bay  of  Quinte  costing 
study). 

The  first  measures  would  cause  source  improvement  in  bacterial  levels,  but  may  not  be 
sufficient.  Sand  filtration,  likewise,  will  cause  some  improvement,  but  may  not  be 
sufficient.  However,  the  sand  filtration  measure  of  the  eutrophication  sequence  is 
probably  required  to  improve  water  clarity  and  other  aesthetic  conditions  to  make  the 
water  ameable  to  attracting  swimmers.  CSO  control  should  reduce  the  bacterial  levels 
significantly;  but  whether  sufficiently  low  bacterial  levels  would  be  attained  is  unclear. 
It  is  possible  that  control  of  fecal  coliform  levels  in  stormwater  discharges  may  be 
required  to  achieve  a  swimmable  water,  since  stormwater  typically  has  10,000  to 
100,000  organisms  per  100  ml  compared  to  a  swimming  standard  of  100  organisms  per 
100  ml.  In  particular,  bacterial  impacts  from  the  Rambo  Hagor  diversion  in  Burlington 
may  cause  closure  of  the  Burlington  Beaches;  if  so,  placement  of  curtains  around  the 
beach  area  and  disinfection  within  would  be  necessary  (option  5  listed  above). 

An  alternative  sequence  would  be  options  4  and  5  without  point  source  control  (options 
1,  2  and  3).  This  would  make  the  Harbour  "swimmable"  in  defined  areas,  but  water 
clarity  and  other  factors  related  to  eutrophication  (algal  mats,  scum,  etc.)  may 
preclude  attracting  to  many  swimmers. 

Another  control  measure  which  should  be  considered  would  be  changing  the  organism 
used  for  assessing  "swimmability"  of  water.  Fecal  coliforms  are  one  parameter 
currently  used;  however,  it  includes  organisms  for  both  human  waste,  animals, 
woodlands  and  other  terrestrial  areas.  A  parameter  which  would  clearly  indicate  fecal 
contamination  from  humans  may  markedly  change  the  assessment  of  swimmability. 
This  issue  is  beyond  the  scope  of  any  remedial  action  plans,  but  should  be  considered 
for  developing  a  dynamic  plan. 
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4.0  BENEFIT/COST  FRAMEWORK 

4.1  Introduction 

4.1.1  -  General 

This  report  describes  the  results  of  the  work  undertaken  in  connection  with  Phase  4  of 
the  Assessment  of  the  proposed  Remedial  Action  Plans  for  Hamilton  Harbour.  The 
purpose  of  the  report  is  to  assess  the  economic  consequences  of  various  measures 
which  would  have  the  effect  of  improving  or  enhancing  water  conditions  in  the 
Harbour,    This  assessment  is  based  on  data  generated  in  the  Phases  2  and  3  reports. 

As  described  in  the  Phase  3  report,  there  are  a  number  of  mitigative  and  remedial 
measures  which  will  result  in  cleaner  water  or  enhanced  conditions  in  Hamilton 
Harbour.  Selection  of  the  appropriate  control  measure  or  group  of  measures  depends, 
among  other  things,  on  the  end-uses  which  are  desired  for  the  Harbour.  This  study 
focuses  on  sportfishing  as  a  primary  goal  of  improved  water  quality.  With  this  focus  in 
mind,  the  Phase  3  report  identified  nine  control  measures  which  would  be  cost- 
effective  in  promoting  recreational  fishing. 

In  the  Phase  2  report,  estimates  were  made  of  the  types  and  amounts  of  new 
recreational  activity  which  would  be  associated  with  the  sequential  implementation  of 
the  nine  control  measures.  The  purpose  of  this  report  is  to  provide  a  framework  for 
valuing  the  benefits  associated  with  this  new  recreational  activity,  and  with 
improvements  in  water  quality  in  general,  and  to  provide  an  indication  of  the  size  of 
these  values. 

Two  different  approaches  were  used  to  assess  the  effects  of  the  nine  control  measures: 

•  analysis  of  economic  value 

•  analysis  of  economic  impact. 

These  approaches  are  described  in  detail  in  Appendix  G. 

The  first  approach  attempts  to  measure  the  change  in  "welfare"  or  economic  value 
benefits  to  residents  of  the  Regional  Municipality  of  Hamilton-Wentworth  and  the  City 
of  Burlington  (the  "target  area")  as  a  result  of  implementing  the  control  measures,  and 
to  compare  these  benefits  to  the  costs  incurred.  This  change  in  welfare  arises  from 
increased  or  enhanced  recreational  opportunities  and   from   simply   knowing  that   the 
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water  is  cleaner.  It  should  be  noted  that  economic  value  will  occrue,  as  well,  to 
individuals  outside  the  target  area;  however,  measurement  of  benefits  for  the  purposes 
of  this  study  has  been  restricted  to  the  Hamilton-Burlington  area. 

The  second  approach  measures  the  economic  impact  of  the  proposals  by  analysing  the 
direct  and  indirect  expenditures  made  as  a  result  of  implementing  the  control  measures 
and  improving  conditions  in  the  Harbour,  and  estimating  the  associated  increases  in 
income  and  employment  which  accrue  to  residents  of  the  target  area. 

Both  approaches  are  relevant  in  assessing  the  desirability  of  investment  in  control 
measures.  In  addition,  assessment  of  economic  value  provides  the  basis  upon  which  to 
choose  between  alternate  measures  so  as  to  maximize  economic  efficiency. 

The  bulk  of  the  study  concerns  the  estimation  of  economic  benefits.  Thus,  a  brief 
description  of  their  measurement,  and  of  the  concept  of  benefit-cost  analysis,  is 
provided  below.  A  detailed  description  of  benefit-cost  analysis  is  contained  in 
Appendix  H. 

4.1.2  -  Measurement  of  Economic  Value  and  the  Concept  of  Benefit-Cost  AnaJysis 

Investment  in  measures  to  control  water  conditions  in  the  Harbour  will  give  rise  to 
"goods"  in  the  form  of  cleaner  water  and  any  activities  which  are  made  possible  or 
which  are  enhanced  by  the  change  in  conditions.  The  economic  value  of  these  goods  is 
the  difference  between  the  full  value  of  the  good  or  activity  (the  maximum  price  or 
amount  of  expenditures  that  individuals  would  pay  for  the  good  or  activity)  and  the 
price  or  expenditures  actually  incurred  by  these  individuals  in  "consuming"  the  good  or 
participating  in  the  activity.  The  value  of  this  difference  is  termed  "consumer  surplus" 
or  "net  willingness  to  pay".  It  is  this  measurement  of  value  which  is  consistent  with 
the  concept  of  "benefit"  in  benefit-cost  analysis. 

In  a  benefit-cost  analysis,  both  benefits  and  costs  must  be  valued  at  their  opportunity 
costs,  often  by  reference  to  market  prices.  This  is  the  case  when  valuing  the  cost  of 
the  proposed  control  measures.  However,  the  "good"  which  is  produced  by  controlling 
conditions  in  Hamilton  Harbour  is  cleaner  water.  Since  water  is  not  traded  on  a 
market,  there  is  no  price  attached  to  it,  although  it  is  clear  that  people  place  a  value 
on  clean  water.    Specifically,  the  studies  which  have  been  done  to  evaluate  changes  in 
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water  quality  have,  collectively,  identified  the  following  types  of  economic  benefits 
associated  with  changes  in  water  quality. 

•  "Use  Value"  -  that  is  the  increase  in  welfare  to  people  who  actually  "use"  the 
water,  for  example,  for  sportfishing  or  swimming. 

•  "Non-use"  or  "intrinsic"  value  which  arises  simply  from  knowing  that  the  water  is 
cleaner  and  that  they  could  participate  in  enhanced  recreational  opportunities  as 
a  result.    Intrinsic  value  is  sometimes  further  subdivided  into: 

»  Option  value  -  an  "insurance"  value  attached  to  preservation  or  creation  of 

the  option  to  use  the  resource  in  the  future. 

»  Existance  value  -  the  value  placed  on  knowing  that  conditions  have  been 

preserved  or  improved. 

»  Bequest    value    -    the    value    placed    on    being   able    to    pass    on    to    future 

generations  better  environmental  conditions. 

Ideally,  estimation  of  these  values  should  be  based  on  a  survey  of  residents  in  the 
target  area  to  determine  their  "willingness  to  pay"  for  certain  recreational 
opportunities  and  for  given  levels  of  water  quality  in  the  Harbour.  However,  the 
budget  and  time  available  precluded  primary  data-gathering.  Instead,  estimates  of 
economic  benefits  have  been  derived  from  studies  of  other  water  bodies,  both  in 
Canada  and  the  U.S.  Judgement  has  been  applied  to  these  results  to  adjust  for 
differences  between  circumstances  in  the  areas  studied  and  those  in  Hamilton  Harbour. 
The  resulting  estimates  of  economic  value  are  not  precise  but  provide  reasonable 
"order-of-magnitude"  estimates  of  these  benefits. 

Lack  of  data  has  limited  the  estimation  of  benefits  in  other  ways  as  well.  Calculation 
of  use  value  in  this  study  has  been  restricted  to  new  sport  fishing  and  swimming 
opportunities.  Although  an  increase  might  be  expected  in  recreational  boating  as  a 
result  of  improved  conditions  in  the  Harbour,  this  activity  is  currently  limited  by 
access  constraints  and,  thus,  no  increase  in  use  can  be  assumed.  Increased 
participation  in  and  enjoyment  of  various  current  activities  and  the  development  of 
new  activities,  are  likely  to  take  place  as  well;  however,  no  data  is  available  upon 
which  to  base  estimates  of  economic  value. 
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In  addition,  the  estimation  of  economic  benefits  has  been  based  on  patterns  of  use  of 
Hamilton  Harbour  which  are  either  existing  or  foreseeable  over  the  short-term.  These 
patterns  of  use  and  the  associated  economic  value  are  likely  to  change  over  the 
medium-  to  long-term  as  constraints  to  use  (such  as  boating  access)  are  removed  and  as 
people  become  more  aware  and  confident  of  the  improved  water  quality  in  the 
Harbour. 

Finally,  it  should  be  noted  that  benefit-cost  analysis  is  a  very  complex  process, 
particularly  in  a  non-traditional  application.  Due  to  limited  data  and  resources,  the 
current  study  constitutes  a  benefit-cost  "framework"  or  "assessment"  rather  than  a 
benefit-cost  analysis  per  se.  The  results  should  therefore  be  interpreted  as  indicative 
rather  than  conclusive. 

4.2      Results  of  Benefit-Cost  Assessment 

4.2.1  -  Introduction 

As  described  in  the  Phase  3  Report,  there  are  a  number  of  mitigative  and  remedial 
measures  which  will  result  in  cleaner  water  or  enhanced  conditions  in  Hamilton 
Harbour.  Selection  of  the  appropriate  control  measure  or  measures  depends,  among 
other   things,    on    their    relative    cost-effectiveness    in    achieving   certain    levels    of 

abatement  (as  described  in  Appendix  H)  and  on  the  desired  end-uses  of  the  Harbour. 

In  this  section  we: 

•  provide  a  brief  description  of  the  process  which  led  to  the  sequence  of  control 
measures  chosen  for  the  benefit-cost  assessment; 

•  list  these  measures  and  their  costs; 

•  describe  their  effects  on  activities  in  the  Harbour; 

•  calculate  the  values  associated  with  these  effects;  and 

•  compare  the  costs  and  benefits. 

It  should  be  noted  that  the  costs  and  benefits  reported  in  this  study  represent  the 
amounts  of  each  (in  constant  1987  dollars)  that  can  be  expected  in  a  typical  year 
following  implementation  of  the  control  measure(s).    Multiplying  these  amounts  by  13.5 
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will  convert  them  into  net  present  value  terms.  A  fuller  description  of  this  approach  is 
provided  in  Appendix  H. 

4.2.2  -  Proposed  Control  Measures  and  Costs 

End-uses  for  Hamilton  Harbour  which  were  identified  by  the  stal<eholders  include 
swimming  and  water  sports,  enhanced  recreational  fishing  and  boating,  and  an 
improved  wildlife  habitat  and  education  resource,  as  well  as  continued  use  of  the 
Harbour  for  shipping  and  navigation,  industrial  water  supply,  and  a  waste  water 
receiving  body.  The  current  study  focuses  on  a  self-sustaining,  warm-water 
recreational  fishery  as  a  primary  goal  and  benefit  of  improved  water  quality  in 
Hamilton  Harbour.  Recreational  fishing  was  chosen  as  a  popular  activity  the  quality  of 
which  reflects  the  quality  of  water  in  general.  In  particular.  Northern  Pike  and  Large 
Mouth  Bass  were  identified  as  representative  species  for  this  fishery. 

With  these  requirements  in  mind,  the  Phase  3  report  identified  restorative  and 
remedial  measures  which  will  have  the  effect  of  increasing  the  yield  of  Northern  Pil<e 
and  Large  Mouth  Bass  in  the  Harbour.  It  is  assumed  that  the  presence  of  a  preferred 
species  and  the  increase  in  the  "catch  per  unit  of  effort"  will  stimulate  new  fishing 
activity.  Nine  measures  were  identified  which  would  substantially  increase  the  yield  of 
Northern  Pike  and  Large  Mouth  Bass  in  Hamilton  Harbour.  These  measures,  and  the 
costs  of  each,  are  shown  in  Table  4-1. 
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TABLE  4-1 

ESTIMATES  OF  COSTS  OF  PROPOSED  CONTROL  MEASURES 
(in  OOO's  of  1987  dollars/year) 


Control  Measure 

Cumulative  Cost 

1.                   Enhance  Grindstone  upper 

S     17 

2.                   Enhance  Cootes  Paradise 

139 

3.                   Grindstone  Delta 

163 

4.                   North  Shore  Burlington 

176 

5.                    Lax  Property 

232 

5.                   Perimeter  Road 

328 

6  Prime         Effect  of  Light  on  Measures  1  -  5 

328 

7.                   Sand  Filters  in  STP 

6,500 

8.                    CSO  Control 

12,200- 

Source:   Phase  3  report. 


The  control  measures  are  described  in  detail  in  Appendix  I.  Briefly,  measures  1 
through  6  Prime  constitute  restorative  or  mitigative  measures  -  that  is,  activities  that 
will  enhance  the  use  of  the  Harbour  but  not  necessarily  reduce  pollution.  Measures  7 
and  8  represent  groups  of  remedial  measures  -  that  is  activities  which  will  reduce 
pollution  at  a  specific  source.  These  two  groups  of  remedial  measures  were  chosen  for 
evaluation  in  the  Phase  3  analysis  because  they  represent  points  in  the  cost- 
effectiveness  curve  for  adult  fish  habitat  where  substantive  improvements  in  light 
penetration,  and  therefore  fish  yield,  result.  As  noted  in  the  Phase  3  report,  the 
restorative  measures  are  much  more  cost-effective  than  the  remedial  measures  in 
creating  a  self-sustaining,  warm-water  fishery.    This  is  because  spawning  and  hatching 


Increases  to  $12.8  million  assuming  implementation  of  additional  measures  described 
on  page  4-8. 
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areas  in  the  Harbour  are  currently  so  limited  that  they  create  a  greater  obstacle  to 
fisheries  development  than  does  water  quality. 

The  annual  costs  in  Table  4-1  are  "cumulative"  -  that  is,  they  are  calculated  on  the 
assumption  that  the  measures  are  implemented  sequentially  in  the  order  shown.  The 
costs  are  stated  in  1987  dollars  and  represent  the  cost  of  capital,  amortized  over  a  20- 
year  period,  plus  op-erating  and  maintenance  costs  in  a  typical  year  following 
implementation  of  the  measures  concerned. 

4.2.3  -  Effects  of  the  Control  Measures  and  Approaches  for  Valuing 

Implementation  of  the  control  measures  identified  in  Table  4-1  will  result  in  an 
increase  in  fishing  activity,  as  intended.  However,  the  resulting  water  conditions 
affect  other  activities  as  well  and,  in  addition,  provide  intangible  benefits.  The 
increases  in  recreational  and  educational  activities  which  are  expected  as  a  result  of 
the  control  measures  are  shown  in  Table  4-2.  (Because  the  measures  proposed  are  not 
expected  to  infringe  on  any  current  activities  in  the  Harbour,  such  as  shipping,  it  has 
been  assumed  that  there  are  no  disbenefits  associated  with  their  implementation.) 


TABLE  4-2 

CURRENT  AND  FUTURE  RECREATIONAL 
AND  EDUCATIONAL  ACTIVITY  IN  HAMILTON  HARBOUR 


Activity 

Current  Use 
(User-days) 

Increases  in  Use  Due 
to  Control  Measures 

Comments 

Recreational  Fishing 

5,000 

See  Table  4-3 

Recreational  Boating 

80,000 

No  increase. 

Future  increases  in  boating 
will  be  due  to  waterfront 
development. 

Outdoor  Education  and 
Nature  Interpretation 

65,000 

Not  known 

Board  Sailing 

Minimal 

Included  m  swimming 
estimate- 

Swimming 

Nil 

1   1  million  user-days- 

Assumes  implementation  of 
all  nine  control  measures, 
beach  development,  and 
curtams/dismfection. 

Source:   Phase  2  report 


It  is  estimated  that  there  will  be  no  increase  in  recreational  boating  activity  as  a  result 
of  the  control  measures,  although  there  will  be  an  increase  (of  approximately  37,000 
user-days)  due  to  waterfront  development.  This  waterfront  development  is  not 
connected  with  any  of  the  measures  listed  in  Table  4-1  and,  therefore,  benefits 
resulting  from  an  increase  in  boating  have  not  been  included  in  the  current  analysis. 
No  estimate  is  possible  of  the  increase  in  outdoor  education  and  nature  interpretation 
activities  which  is  due  specifically  to  the  remedial  and  mitigative  measures.  Programs 
and  the  number  of  participants  in  these  programs  are  thought  to  be  currently  more 
limited  by  funding  than  by  water  quality.  No  swimming  activity  is  projected  until  the 
implementation  of  control  measure  8;  at  this  point,  water  quality  is  improved  to  the 
point  that  swimming  is  possible.  Levels  of  activity,  however,  depend  on  additions  to 
beach  area  in  the  Harbour  as  follows: 

•  425-metre  beach  at  Hamilton  Island  Lagoon; 

•  two  500-metre  beaches  at  Burlington  Beach; 

•  100-metre  beach  at  Lasalle  Park. 

It  is  also  recommended  as  an  additional  safeguard  to  water  quality,  that  curtains  be 
installed  around  the  beach  areas  and  that  disinfection  be  undertaken  within  the 
curtains.  (See  section  3.7).  The  costs  associated  with  beach  developments  and 
curtains/disinfection  are  not  included  in  the  figures  in  Table  4-1.  Assuming  they  are 
undertaken  in  conjunction  with  implementation  of  all  nine  control  measures,  the  total 
cost  associated  with  measures  1  through  8  rises  from  S12.2  million  (as  shown  in 
Table  4-1)  to  approximately  $12.8  million  per  year  (in  1987  dollars).  (This  assumes  the 
mid-point  of  the  range  of  operating  and  maintenance  costs  estimated  for 
curtains/disinfection  in  Section  3.7). 

The  estimated  increments  in  fishing  activity  for  the  sequence  of  control  measures  are 
presented  in  Table  4-3.  Estimates  of  potential  angler-days  represent  incremental 
levels  of  activity  over  and  above  the  current  estimated  usage  of  5,000  user-days. 
These  estimates  do  not  represent  total  potential  interest  in  fishing  by  Hamilton-area 
residents.  They  are  derived  directly  from  estimates  of  yield  of  Northern  Pike  and 
Large  Mouth  Bass  and  represent  the  maximum  fishing  activity  which  can  be  supported 
by  the  quantity  of  these  fish  available.  The  number  of  angler-days  has  not  been 
adjusted  to  take  into  account  the  possibility  that  other  species  may  be  enhanced  or 
endangered  by  the  control  measures. 
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TABLE  4-3 

ESTIMATES  OF  NEW  FISHING  ACTIVITY 
FROM  PROPOSED  CONTROL  MEASURES 


Control  Measure 

Cumulative 

New  Angler 

Days/Year 

1                    Enhance  Grindstone  upper 

- 

2.                   Enhance  Cootes  Paradise 

2,700 

3                    Grindstone  Delta 

2,750 

4.                    North  Shore  Burlington 

4,000 

5.                   Lax  Property 

4,000 

6                   Perimeter  Road 

4,000 

6  Prime         Effect  of  Light  on  Measures  1  -  6 

5,300 

7.                  Sand  Filters  mSTP 

5,550 

8                    CSO  Control 

5,650 

Source:  Phase  2  report.     Numbers  shown  are  the  mid-point  of  the  range  of 

potential  angler  days  estimated  in  the  Phase  2  report. 


In  summary,  the  proposed  control  measures  result  in: 


•  increased  fishing  activity  for  all  measures;  and 

•  significant   swimming  activity   after   implementation   of  control    measure   8   and 
assuming  expansion  of  beach  area. 

Boating  activity  in  the  Harbour  is  currently  constrained  by  lack  of  facilities  and 
access,  and  therefore  no  increase  is  projected  as  a  result  of  water  quality 
improvements.  However,  the  implementation  of  control  measures  7  and  8  and  the 
resulting  improvement  in  water  quality  may  result  in  a  more  enjoyable  "boating 
experience"  and  therefore  increased  economic  value.  Similarly,  anglers  who  currently 
fish  in  Hamilton  Harbour  may  enjoy  it  more  after  the  measures  are  implemented. 
Benefits  accruing  to  residents  from  all  these  activities  are  reflected  in  increased  use 
values.     Cleaner  water  also  gives  rise  to  benefits  in  itself  -  as  reflected  in  option, 
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existence,  and  bequest  values  associated  with  the  level  of  water  quality  improvement 
achieved.    The  values  which  may  be  attached  to  these  benefits  are  discussed  below. 

4.2.4  -  Value  of  Benefits 

The  benefits  from  cleaner  water  in  Hamilton  Harbour  arise  in  two  distinct  ways: 

•  Increased  use  values  due  to  new  activity  generated  by  improved  water  conditions 
and  by  increased  enjoyment  of  current  activities,  and 

•  Non-use  values  associated  with  better  water  conditions  in  general. 

Use  Values 

Annual  use  values  accruing  to  residents  of  the  Hamilton-Burlington  area  from  new 
fishing  and  swimming  activity  and  enhanced  fishing  and  boating  can  be  defined 
conceptually  as: 

•  for  new  fishing  and  swimming  activity: 

►  average  consumer  surplus  per  fishing  day  times  the  number  of  new  angler- 
days  per  year 

►  average   consumer   surplus   per   swimming  day   times    the    number   of    new 
swimming  days  per  year. 

•  for  enhanced  fishing  and  boating: 

►  the  increase  in  consumer  surplus  per  fishing  day  times  the  current  number 
of  angler-days  per  year,  plus 

►  the  increase  in  consumer  surplus  per  boating  day  times  the  current  number 
of  boating  days  per  year. 

In  order  that  the  results  for  new  activity  accurately  represent  the  increased  use  value 
to  the  residents  of  the  area,  two  conditions  must  be  met.  First,  the  new  swimming  and 
fishing  activity  must  be  undertaken  by  residents  of  the  Regional  Municipality  of 
Hamilton-Wentworth  and  the  City  of  Burlington  and  not  from  neighbouring  locations. 
This  is  believed  to  be  a  reasonable  assumption  given  the  availability  of  fishing  and 
swimming  opportunities  outside  Hamilton  Harbour. 
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Secondly,  all  of  the  fishing  and  swimming  days  valued  must  represent  new  activity  as 
opposed  to  activity  which  has  been  diverted  to  Hamilton  Harbour  from  other  locations. 
For  example,  residents  who  currently  fish  in  the  Muskokas  and  who  decide,  after 
implementation  of  the  control  measures,  to  fish  in  Hamilton  Harbour  instead,  represent 
diverted  activity.  For  diverted  activity,  the  estimate  of  consumer  surplus  should  be 
adjusted,  for  example,  for  the  difference  in  the  travel  cost  incurred  by  fishing  or 
swimming  in  Hamilton  Harbour  versus  the  former  location.  However,  no  details  are 
available  regarding  the  proportion  of  increased  activity  which  is  diverted  or, 
furthermore,  the  locations  from  which  such  activity  is  being  diverted.  Thus,  estimates 
of  increased  value  are  made  on  the  assumption  that  all  increased  activity  is  new  and, 
as  such,  may  overstate  the  increase  in  consumer  surplus. 

As  described  in  Appendix  H,  estimates  of  consumer  surplus  for  a  nonmarket-traded 
good  or  activity  such  as  fishing  can  be  derived  in  a  number  of  ways.  Generally,  studies 
estimating  consumer  surplus  incorporate  a  complex  set  of  assumptions  and  descriptions 
which  are  largely  specific  to  the  sites  being  studied  and  to  the  population  of  the 
associated  target  area.  For  this  reason,  it  is  preferable  that  primary  data  be  gathered 
as  a  basis  for  estimating  the  current  economic  value  of  recreational  fishing  in 
Hamilton  Harbour  and  willingness  to  pay  for  a  particular  change  in  conditions  at  the 
site  in  question.  However,  the  timeframe  and  budget  for  this  study  was  such  that  a 
primary  survey  was  not  possible.  Thus,  estimates  of  average  consumer  surplus  per  day 
for  fishing  and  swimming  have  been  derived  from  a  survey  of  studies  conducted  in  the 
United  States  and  in  Canada. 

Use  Value  From  New  Fishing  Activity 

Estimates  of  consumer  surplus  associated  with  recreational  fishing  are  presented  in 
Table  4-4.  A  more  detailed  description  of  these  estimates  and  the  studies  from  which 
they  were  derived  is  contained  in  Appendix  J.  The  estimates  contained  in  this  Table 
were  derived  using  either  a  direct  survey  approach  or  travel  cost  method.  All  of  the 
results  have  been  converted  into  1987  Canadian  dollars.  Most  are  directed  at  valuing  a 
user-day  of  recreational  fishing,  (with  the  implicit  assumption  that  the  alternative  is 
no  fishing  at  the  site)  rather  than  assessing  the  value  of  a  change  in  the  quality  of 
fishing.  They  are  therefore  roughly  applicable  to  estimates  of  new  fishing  activity  in 
Hamilton  Harbour. 
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TABLE  4-4 


ESTIMATES  OF  CONSUMER  SURPLUS  ASSOCIATED 

WITH  RECREATIONAL  FISHING  (USE  VALUE) 

(in  1987  Canadian  Dollars) 


Activity 
Being  Valued 

Location 

Consumer 

Surplus  per 

Fishing 

Day 

Year  of  Study 

Recreational  Fishing 

6  Ontario  lakes 

sn 

1985 

Salmon  Fishing 

Victoria,  B  C. 
Campbell  River,  B.C. 
Sechelt,  B.C. 
Port  Alberni,  B.C. 
Campbell  River  Guided 

24 
40 
47 
83 
95 

1984 

Recreational  Fishing 

Alberta 

31 

1976 

Recreational  Fishing 

Haliburton/Muskoka  Region,  Ontario 

23 

1983 

Angling 

Lake  of  the  Woods,  Ontario 

6 

1982 

Trout  Fishing 
Catfish  Fishing 

Fee-fishing  sites,  U.S. A 
Fee-fishing  sites,  USA 

33 

21 

1979 

Fishing 

Adirondacks,  N.Y 

43 

1976 

Fishing 

Snake  River,  Idaho 

25 

1983 

Source:  See  Appendix  J. 


Based  on  the  results  of  these  studies,  the  economic  value  of  one  day  of  fishing  is 
somewhere  between  $6  and  $40.  (The  higher  estimates  included  in  the  Table  -  of  $95, 
$83,  $47  and  $43  -  have  been  eliminated  from  this  range  since  it  is  likely  that  they 
represent  exceptional  fishing  conditions  which  are  not  comparable  to  those  which  will 
exist  in  Hamilton  Harbour.)  The  mid-point  of  this  range  is  $23  per  fishing  day. 
Applying  this  number  to  the  number  of  new  fishing  days  estimated  in  Table  4-3,  results 
in  the  total  use  value  from  new  fishing  activity  shown  in  Table  4-5. 
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TABLE  4-5 


USE  VALUE  FROM  NEW  RECREATIONAL  FISHING  ACTIVITY 

IN  HAMILTON  HARBOUR 

(1987  dollars/year] 


Control  Measure 

Cumulative 
Use  Value 

1.                   Enhance  Grindstone  Upper 

n/a 

2.                  Enhance  Cootes  Paradise 

5  62,000 

3                   Grindstone  Delta 

53,000 

4                    North  Shore  Burlington 

92,000 

5,                   Lax  Property 

92,000 

6.                  Perimeter  Road 

92,000 

5, Prime        Effect  of  Light  on  Measures  1  -  6 

122,000 

7                    Sand  Filters  in  5TP 

128,000 

8                    CSO  Control 

130,000 

Source:   Tables  4-3  and  4-4. 

It  is  likely  that  most  of  the  estimates  in  Table  4-4  apply  to  situations  in  which  the  fish 
caught  are  edible.  Most  of  the  control  measures  proposed  here  will  not  create 
conditions  under  which  fish  would  be  edible,  according  to  provincial  standards. 
However,  it  is  not  clear  how  much  the  estimates  of  consumer  surplus  will  vary 
according  to  edibility  or  non-  edibility  of  the  fish  caught.  For  this  reason,  no  attempt 
has  been  made  to  adjust  the  results. 

Use  Value  From  New  Swimming  Activity 

Swimming  becomes  possible  in  Hamilton  Harbour  after  the  implementation  of  all  the 
control  measures  listed  in  Table  4-1.  At  this  point,  the  water  is  clean  enough  that 
swimming,  with  additional  safeguards  in  the  form  of  curtains  and  disinfection,  is  safe. 
It  is  assumed,  for  the  purposes  of  this  study,  that  swimming  takes  place  only  at  safe 
locations. 


The  estimate  of  swimming  activity  which  is  generated  by  implementing  all  nine  control 
measures   is   approximately    1.1    million   user-days   per   year.      As   noted    earlier,    this 


4  -  14 


estimate  assumes  the  development  of  four  beaches  in  the  Harbour.  To  translate  this 
activity  into  an  estimate  of  use  value,  it  is  first  necessary  to  determine  the  consumer 
surplus  associated  with  swimming. 

Studies  which  estimate  the  consumer  surplus  associated  with  swimming  are  less  readily 
available  than  those  for  fishing.  One  study  uses  the  travel  cost  method  to  estimate  the 
economic  value  of  one  "home  based"  swimming  occasion  at  approximately  $5  (in  1987 
dollars)  (reference  #18).  This  estimate  assumes  an  average  round-trip  time  of 
approximately  one-half  hour.  Another  study  uses  an  estimate  of  just  over  S5  per  day 
(in  1987  dollars),  although  it  is  not  clear  how  this  number  is  derived  (reference  #17). 
Based  on  consumer  surplus  from  swimming  of  $5  per  day,  the  total  use  value  accruing 
to  residents  of  Hamilton-Wentworth  and  the  City  of  Burlington  from  swimming  activity 
is  approximately  $5.5  million  per  year.  This  figure  represents  an  upper  bound  since  part 
of  the  swimming  activity  may  be  diverted  from  other  locations  and  a  small  portion  may 
be  generated  by  residents  from  outside  the  Hamilton-Wentworth/Burlington  area. 

Use  Value  From  Enhanced  Boating  and  Fishing  By  Current  Users 

Although  there  is  no  projected  increase  in  boating  activity  as  a  result  of  the  proposed 
control  measures,  there  may  be  increased  enjoyment  of  current  activity  as  a  result  of 
the  improved  water  conditions.  However,  there  is  very  little  data  available  on  the 
extent  to  which  consumer  surplus  from  boating  would  change  as  a  result  of 
improvements  in  water  quality,  however  defined.  One  study  links  a  change  in  consumer 
surplus  for  boating  with  changes  in  chlorophyll  a  concentrations  (reference  #17).  The 
latter  are  used  as  a  proxy  for  plant  growth  in  the  water.  However,  calculation  of  the 
change  in  chlorophyll  a  concentrations  was  not  included  as  part  of  the  Phase  3  report 
and,  thus,  we  have  no  basis  for  estimating  the  change  which  would  occur  in  economic 
value  as  a  result  of  enhanced  boating  in  Hamilton  Harbour. 

Similarly,  the  increased  fish  yield  and  presence  of  preferred  species  in  the  Harbour  as  a 
result  of  the  control  measures  can  be  expected  to  yield  increased  enjoyment  of  fishing 
by  the  current  users.  However,  appropriate  data  are  not  available  upon  which  to  malce 
an  estimate  of  the  resulting  increase  in  economic  value.  For  the  same  reason, 
estimates  are  not  attempted  of  the  increase  in  enjoyment  from  outdoor  education  and 
nature  interpretation,  nor  of  increases  in  other  new  or  current  activities. 
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In  summary,  no  estimate  can  be  made  of  use  value  from  increased  enjoyment  of 
current  recreational  and  educational  activities  in  Hamilton  Harbour.  However,  this 
benefit  is  lil<ely  to  be  small.  For  example,  assuming  that  the  average  consumer  surplus 
for  boating,  fishing  and  outdoor  education  is  $10  per  user-day  and  that  implementation 
of  the  control  measures  increases  this  value  by  10%,  the  incremental  use  value  to 
current  boaters,  anglers  and  other  users  -  for  total  use  of  150,000  user  days,  as 
estimated  in  Table  4-2  -  is  $150,000.  This  is  a  small  amount  relative  to  the  use  value 
associated  with  swimming  activity. 

Non-Use  Values 

Non-use  or  "intrinsic"  values  are  those  which  individuals  place  on  improving  (or 
preventing  deterioration  in)  environmental  quality  but  which  have  nothing  to  do  with 
current  use  of  the  resources  affected.  A  number  of  studies  have  been  done,  primarily 
in  the  U.S.  but  also  in  Canada,  which  attempt  to  quantify  these  values,  following  a 
number  of  different  approaches.  Some  studies  attempt  to  estimate  a  total  willingness 
to  pay  for  environmental  improvements,  thus  including  in  the  estimate  both  use  and 
non-use  elements  (reference  #14).  Others  distinguish  between  use  and  non-use  values, 
providing  separate  estimates  for  each  (reference  #25).  Recently,  some  studies  in  the 
U.S.  have  identified  components  of  intrinsic  values  -  including  option,  existence,  and 
bequest  values  described  in  Section  4.1.2  -  and  have  attempted  to  place  a  value  on  each 
of  these  components  (references  #5  and  #25). 

In  the  studies  reviewed  for  this  report,  estimates  of  non-use  value  were  generally  based 
on  surveys  of  individuals'  willingness  to  pay  for  given  changes  in  either  water  quality  or 
aspects  of  wilderness  resources.  The  improvements  may  be  related  to  one  specific  site 
or  a  group  of  sites,  or  may  be  national  in  scope.  In  any  case,  the  benefits  are  assumed 
to  accrue  to  all  residents  of  the  geographic  area  under  study  and  are  therefore 
generally  estimated  per  household  per  year. 

Changes  in  water  quality  are  often  described  in  terms  of  pollution-related  measures 
such  as  metallic  content  (reference  #5)  or  by  reference  to  a  "water  quality  ladder" 
(references  #14  and  #25).  These  water  quality  ladders  describe  the  water  in  terms  of 
the  activities  which  are  possible  at  different  quality  levels  or  in  terms  of  the  eco- 
system, and  particularly  the  fish  habitat,  that  the  water  could  support.  However, 
although  the  availability  of  fish  for  fishing  is  a  prominent  descriptor  in  these  ladders  it 
is  implicitly  assumed  that  the  quality  of  fishing  is  dependent  on  the  quality  of  the 
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water.  The  resulting  estimates  of  non-use  values  in  these  studies  are  therefore 
applicable  to  changes  in  water  quality  rather  than  to  recreational  activities  such  as 
fishing.  Although  there  may  be  intrinsic  value  associated  with  the  ability  to  fish  in 
itself,  there  are  no  data  upon  which  to  estimate  it. 

The  first  seven  control  measures  proposed  for  Hamilton  Harbour  are  mitigative  only. 
Although  they  result  in  improved  fishing  in  Hamilton  Harbour,  they  do  not  reduce 
pollution  in  the  water.  Thus,  they  represent  an  anomaly  in  the  context  of  the  studies 
cited  above,  which  linl<  changes  in  fishing  to  changes  in  water  quality.  For  this  reason, 
the  intrinsic  value  associated  with  measures  1  through  6  Prime  is  assumed  to  be  zero. 

The  literature  has  a  wide  range  of  estimates  for  intrinsic  values  associated  with 
cleaner  water.    This  is  due  to: 

•  Differences  in  methodology  among  different  studies; 

•  Differences  in  the  size  and  characteristics  of  the  water-  bodies  concerned; 

•  Differences  in  the  magnitude  of  the  proposed  changes  in  water  quality  and  the 
ways  in  which  these  quality  changes  are  described; 

•  Alternatives,  available  to  the  individuals  being  surveyed,  with  respect  to  water- 
based  recreation,  the  distance  that  must  be  travelled  to  get  to  cleaner  lalces  or 
rivers  which  offer  these  opportunities,  etc. 

•  Whether  a  value  is  being  placed  on  improving  water  conditions  or  preventing  their 
deterioration. 

It  is  not  possible  to  standardize  the  data  available  in  the  literature  so  that  estimates  of 
use  and  non-use  components  are  fully  comparable.  However,  based  on  the  information 
available,  we  have  derived  the  following  estimates  of  non-use  values: 

•  For  an  improvement  in  water  quality  from  "boatable"  to  "fishable"  -  $87  to  $146 
per  household  per  year  (1987  $); 

•  For  an  improvement  in  water  quality  from  "boatable"  to  "swimmable"  -  $103  to 
$153  per  household  per  year  (1987  $). 
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The  basis  for  these  calculations  is  described  in  Appendix  K.  Based  on  these  results,  it 
appears  reasonable  to  assume  that  the  non-use  value  associated  with  improving  the 
water  in  Hamilton  Harbour  to  the  level  suggested  by  measure  8  -  that  is,  swimmable  - 
is  in  the  order  of  SlOO  per  household  per  year.  Based  on  1986  data,  there  are 
approximately  196,000  households  in  the  Regional  Municipality  of  Hamilton-Wentworth 
and  the  City  of  Burlington.  Thus,  total  intrinsic  value  accruing  to  the  area  from 
implementation  of  all  nine  control  measures  is  approximately  $19.6  million. 

It  is  unclear  what  the  appropriate  non-use  value  is  to  apply  to  measure  7.  This  measure 
reduces  pollution  in  the  Harbour  but  not  as  much  as  measure  8.  Although  the  water  is 
"fishable"  at  this  level  (as  it  is  for  measures  2  through  6  Prime),  it  is  not  known 
whether  it  is  of  a  quality  equal  to  that  implied  by  the  term  "fishable"  as  used  in  the 
literature.  As  noted  earlier,  although  a  number  of  studies  estimate  the  non-use  value 
of  improving  water  quality  to  a  "fishable"  level,  the  implication  in  these  studies  is  that 
achieving  this  requires  a  substantial  improvement  in  water  quality.  However,  no 
explicit  measurement  is  offered  of  the  degree  of  water  quality  change  involved.  One 
study  (reference  #5)  describes  water  quality  changes  in  terms  of  a  physical  parameter 
but  the  parameter  used  -  metallic  content  -  is  different  from  the  measurement  of 
water  quality  used  in  the  current  study.  In  the  absence  of  better  information, 
therefore,  it  has  been  decided  to  assume  a  non-use  value  of  zero  for  measure  7.  The 
effect  of  assuming  a  positive  non-use  value  for  this  measure  is  addressed  in  the  next 
section. 

4.2.5  -  Benefits  Versus  Costs 

Total  Economic  Value 

The  total  economic  value  associated  with  the  sequence  of  proposed  control  measures  is 
shown  in  Table  4-6.  The  estimates  in  this  table  include  use  value  arising  from  new 
fishing  and  swimming  activity  and  intrinsic  value  associated  with  improvements  in 
water  quality  in  the  Harbour.  Some  major  assumptions  upon  which  these  figures  are 
based  are  as  follows: 

•  Use  values  have  not  been  adjusted  downward  to  reflect   fishing  and  swimming 

activity  diverted  by  residents  of  the  Hamilton-Wentworth/Burlington  area  from 
other  locations  to  Hamilton  Harbour. 


TABLE  4-6 

TOTAL  ECONOMIC  VALUE  FROM  CONTROL  MEASURES 
(OOO's  of  1987  dollars/year) 


Control  Measure 

Cumulative 
Use  Value* 

Cumulative 

Non-Use 

Value 

Total 

Economic 

Value 

Fishing 

Swimming 

1.                    Enhance  Grindstone  Upper 

- 

- 

2.                   Enhance  Cootes  Paradise 

$62 

- 

$62 

3.                   Grindstone  Delta 

63 

63 

4.                    North  Shore  Burlington 

92 

- 

92 

5.                    Lax  Property 

92 

- 

- 

92 

5-                  Perimeter  Road 

92 

92 

5  Prime         Effect  of  Light  on  Measures  1  -  6 

122 

■ 

122 

7.                   Sand  Filters  m  STP 

128 

- 

128 

8.                   CSO  Control 

130 

$5,500 

$19,600 

25,230 

Does  not  include  use  value  from  enhanced  boating,  fishing  and  outdoor  education  by  current 
users. 


Source: 


Table  4-5;  see  text. 
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•  No  use  values  have  been  estimated  to  reflect  increased  enjoyment  of  boating, 
fishing  and  other  recreational  and  educational  activities  by  current  users  of  the 
Harbour. 

•  No  use  values  have  been  estimated  for  new  activities  other  than  fishing  or 
swimming. 

•  Intrinsic  value  has  been  assumed  to  be  zero  until  all  nine  control  measures  have 
been  implemented.  At  this  point,  a  value  of  $100  per  household  per  year  is 
assumed. 

No  conclusions  have  been  drawn  regarding  the  distribution  of  economic  value  across 
different  income  groups  and  geographic  areas  witin  the  Hamilton-Burlington  region. 
Presumably  some  individuals  in  the  target  area  will  benefit  more  from  the 
improvement  in  Harbour  conditions  than  others  will.  For  example,  individuals  who 
currently  have  access  to  fishing  and  swimming  elsewhere  may  benefit  less  from 
improved  water  quality  than  will  those  who  have  no  alternatives.  As  another  example, 
home-owners  living  close  to  the  Harbour  may  see  a  greater  increase  in  property  value 
than  those  further  away.    These  distributional  effects  have  not  been  evaluated. 

Net  Benefits 

The  annual  net  benefits  arising  from  the  sequence  of  control  measures  are  shown  in 
Table  4-7.  According  to  these  estimates,  benefits  exceed  costs  only  after 
implementation  of  measure  8.  At  this  level,  the  net  benefits  amount  to  $12.4  million 
per  year. 

The  estimation  of  net  benefits  is  highly  dependent  on  assumptions  regarding  intrinsic 
values.  The  results  in  Table  4-7  assume  a  non-use  value  of  $100  per  household  per 
year,  after  implementation  of  measure  8.  As  noted  earlier,  this  figure  is  based  on  the 
results  of  a  number  of  studies  which  derived  non-use  values  for  preserving  or  improving 
water  quality  in  various  locations  in  Canada  and  the  U.S.  Without  conducting  a  survey 
of  Hamilton-area  residents,  this  is  the  only  basis  available  to  estimate  the  intrinsic 
value  associated  with  improving  water  conditions  in  Hamilton  Harbour.  However,  it  is 
not  clear  that  non-use  values  derived  for  one  set  of  areas  and  circumstances  are 
transferrable  to  another  location  and  situation.  The  analysis  which  follows,  therefore, 
addresses  the  issue  of  intrinsic  values  from  another  perspective  -  by  calculating  the 


TABLE  4-7 


NET  BENEFITS  ASSOCIATED  WITH  CONTROL  MEASURES 
(OOO's  of  1987  dollars/year) 


Control  Measure 

Cumulative 
Benefits 

Cumulative 
Costs 

Net 
Benefits 

Benefit-Cost 
Ratio 

1.                   Enhance  Grindstone  upper 

S     17 

S    (17) 

2                   Enhance  Cootes  Paradise 

$62 

139 

(77) 

045 

3.                  Grindstone  Delta 

63 

163 

(100) 

039 

4                    North  Shore  Burlington 

92 

176 

(84) 

0.52 

5.                   Lax  Property 

92 

232 

(140) 

0.40 

6.                  Perimeter  Road 

92 

328 

(236) 

028 

6  Prime        Effect  of  Light  on  Measures  1  -  6 

122 

328 

(206) 

0.37 

7                   Sand  Filters  in  STP 

128 

6,500 

(6,370) 

0.02 

8.                   CSO  Control 

25,230 

12,800* 

12,430 

2.00 

Source: 


Includes  cost  of  beach  development,  installation  of  curtains  and  disinfection. 
Table  4-1  and  4-6 
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values  which  result  in  positive  net  benefits  and  assessing  the  reasonableness  of  these 
values. 

Net  benefits  associated  with  implementation  of  all  nine  control  measures  are  S12.4 
million  per  year  assuming  a  non-use  value  of  $100  per  household  per  year.  Intrinsic 
values  do  not  have  to  be  nearly  this  high  in  order  to  result  in  positive  net  benefits. 
Because  of  the  high  use  value  associated  with  swimming  activity  brought  about  by 
measure  8,  a  non-use  value  of  approximately  $37  annually  per  household  would  result  in 
equal  costs  and  benefits  for  this  measure.  (This  figure  may  be  adjusted  once  the  cost 
of  beach  development  is  known.) 

Net  benefits  for  measures  1  through  7  assume  a  non-use  value  of  zero.  In  fact,  there 
may  be  intrinsic  value  associated  with  improved  fishing  conditions  in  Hamilton  Harbour 
at  the  same  level  of  water  quality  -  as  is  the  case  for  measures  1  through  6  Prime. 
However,  there  is  no  basis  in  the  literature  for  estimating  this  value.  Measure  7,  on 
the  other  hand,  reduces  pollution  in  the  Harbour;  some  intrinsic  value  will  therefore  be 
attached  to  the  resulting  improvement  in  water  quality.  If  a  non-use  value  of  S33 
annually  per  household  were  assumed,  for  example,  the  resulting  benefits  would  slightly 
exceed  costs.  How  reasonable  this  estimate  is  depends  on  the  non-use  value  assumed 
for  implementation  of  all  nine  control  measures;  in  the  latter  case,  the  resulting 
improvements  in  water  quality  and,  therefore,  non-use  values,  are  considerably 
greater. 

In  themselves,  however,  the  estimates  of  non-use  value  necessary  to  "break  even"  after 
implementation  of  measures  7  and  8  -  of  S33  and  S37  per  household  per  year, 
respectively  -  are  not  unreasonable  given  the  results  of  the  studies  reviewed,  as 
described  in  Appendix  K. 

It  is  not  suggested  that  the  estimates  of  benefits  in  Table  4-7  are  precise.  Estimates 
of  consumer  surplus  and  the  intangible  benefits  associated  with  environmental 
improvements  can  not  be  made  with  any  precision,  even  when  they  are  based  on 
primary  data.  However,  the  literature  review  suggests  that  there  are  significant  use 
and  non-use  values  associated  with  improved  water  quality  and  recreational 
opportunities.  Therefore,  while  the  results  shown  in  the  Table  may  not  be  exact,  they 
provide  an  indication  of  the  control  measures  which  will  result  in  net  economic 
benefits,    and   the   order   of    magnitude   of   these   benefits.      A   sensitivity   analysis   to 
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determine  how  these  results  change,  given  variations  in  some  of  the  key  underlying 
assumptions,  is  contained  in  the  Phase  5  report. 

As  described  in  Section  4.1.1,  the  net  benefits  reported  above  reflect  the  change  in 
economic  welfare  accruing  to  residents  of  the  Hamilton  area  as  a  result  if 
implementing  the  control  measures.  An  alternate  way  of  assessing  the  economic 
consequences,  and  a  potential  additional  offset  to  the  costs  of  the  control  measures, 
are  the  economic  impacts  associated  with  implementing  the  measures.  These  are 
discussed  below, 

4.3      Economic  Impacts 

4.3.1  -  Introduction 

This  Chapter  assesses  the  economic  impacts  associated  with  implementation  of  the 
sequence  of  control  measures  identified  in  Section  4.2  (Economic  impact  analysis  is 
described  in  Appendix  G).  Economic  impacts  are  assessed  in  terms  of  the  increased 
employment  and  income  accruing  to  residents  of  the  target  area  -  that  is,  the  Regional 
IMunicipality  of  Hamilton-Wentworth  and  the  City  of  Burlington  -  as  a  result  of 
expenditures  made  in  connection  with  improving  water  quality  in  Hamilton  Harbour. 

Theoretically,  economic  impacts  will  arise  from  two  different  sets  of  expenditures: 

•  Direct  expenditures  on  materials  and  labour  used  in  the  implementation  of  the 
control  measures. 

•  Expenditures  arising  from    increased   recreational   activity   in  the   Harbour  as   a 
result  of  improved  water  conditions. 

These  are  discussed  separately  below. 

4.3.2  -  Impact  of  Expenditures  Incurred  in  Implementing  Control  Measures 

A  brealcdown  of  capital  and  operating  and  maintenance  costs  for  the  proposed  sequence 
of  control  measures  is  contained  in  Table  4-8.  These  figures  are  derived  from  the 
Phase  3  report  and  are  the  basis  for  the  cost  estimates  shown  in  Table  4-1. 

Costs  in  Table  4-1,  however,  amortize  capital  expenditures  over  a  twenty-year  period  - 
a  period  reflecting  the  "life"  of  the  capital  equipment.    Allocating  costs  in  this  manner 
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TABLE  4-8 


ESTIMATED  CAPITAL,  OPERATING  AND  MAINTENANCE  COSTS  OF 

PROPOSED  CONTROL  MEASURES 

(1987  dollars) 


Control  Measure 

Cumulative  Costs 

Capital 
(S  millions) 

Operating  and 

Maintenance 

(S  thousands/ 

year) 

1.                   Enhance  Grindstone  upper 

$  0.10 

S  10 

2-                  Enhance  Cootes  Paradise 

1.10 

60 

3.                   Grindstone  Delta 

1.30 

70 

4                     North  Shore  Burlington 

1.42 

75 

5-                   Lax  Property 

1  92 

95 

6.                  Perimeter  Road 

3.12 

105 

6  Prime        Effect  of  Light  on  Measures  1  -  5 

3.12 

105 

7,                   Sand  Filters  in  STP 

60  22 

2,185 

8                    CSO  Control 

131  87* 

3,345* 

*  Includes  cost  of  beach  developments,  and  curtams/disinfection 

Source:   Phase  3  report. 

is  appropriate  when  the  goal  is  to  compare  the  costs  with  the  benefits  arising  from  the 
investment.  However,  economic  impacts  are  generated  at  the  time  expenditures  are 
made.  The  impacts  are  therefore  different  for  capital  expenditures  -  which  are  "one- 
time" costs  -  and  for  operating  and  maintenance  costs  which  are  incurred  annually  over 
the  twenty-year  period. 


As  noted  in  Appendix  G,  not  all  of  the  expenditures  made  in  implementing  the 
measures  will  be  retained  in  the  Hamilton-Wentworth/Burlington  area.  Some  of  them 
will  be  made  on  goods  and  labour  from  other  parts  of  the  province  or  Canada  or  on 
imports.  Given  the  small  size  of  the  target  area  it  is  likely  that  a  significant  portion 
of  the  initial  expenditures  will  be  made  outside  the  area,  although  these  may  be 
compensated  for,  to  some  extent,  by  indirect  and  induced  expenditures  which  are 
retained  within  the  Hamilton-Wentworth/Burlington  area. 
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Based  on  an  income  multiplier  for  nonresidential  construction  of  0.9  and  on  the 
creation  of  10.0  person-years  of  employment  per  $1,000,000  of  direct  expenditure*,  the 
final  results  in  terms  of  added  income  and  employment  accruing  to  residents  of 
Hamilton-Wentworth/  Burlington  are  shown  in  Table  4-9. 

The  capital  costs  of  implementing  the  first  seven  measures  (that  is,  measures  1  through 
6  prime)  in  the  sequence  of  proposed  control  options  result  in  added  income  in  the 
target  area  of  just  under  $3  million  and  in  the  creation  of  approximately  30  person- 
years  of  employment.  After  the  measures  are  in  place,  operating  and  maintenance 
expenditures  will  result  in  just  under  $100,000  increased  income  per  year.  Very  few 
jobs  are  created  on  an  annual  basis. 

The  impact  of  implementing  all  nine  control  options  is  much  greater.  Capital 
construction  gives  rise  to  $120  million  of  income  during  the  construction  phase  and  S3 
million  per  year  thereafter.  Thirteen  hundred  person-years  of  employment  are  created 
during  the  implementation  phase  and  30  per  year  thereafter. 

In  summary,  the  economic  impact  of  implementing  measures  1  through  6  Prime  is 
insignificant.  This  is  not  surprising  given  the  investment  required  for  these  measures. 
Impacts  from  the  total  program  of  control  options  are  sizeable  during  the  capital 
construction  phase  but  small  thereafter. 

4.3.3  -  Impact  Arising  From  Expenditures  on  Increased  Recreational  Activity 

Improvement  of  water  conditions  in  the  Harbour  are  projected  to  result  in  increased 
recreational  fishing  and  in  swimming.  A  certain  amount  of  income  and  employment 
will  be  generated  by  expenditures  on  these  activities.  However,  these  effects  are 
likely  to  be  quite  small  given  the  low  initial  expenditures  associated  with  swimming 
and  local  fishing  efforts. 

Economic  Impact  of  New  Recreational  Fishing 

Estimates  of  average  expenditures  per  angler  are  available  from  a  number  of  sources 
(see  references  #17,  #20  and  #29).  These  sources  suggest  that  expenditures  by 
fishermen  will  not  exceed  $100  per  angler.  This  includes  fishing  services,  fishing  gear, 
and  purchases  of  "major"  fishing  equipment.    It  does  not  include  expenditures  on  boats; 

These  figures  are  derived  from  Statistics  Canada's  input-output  analysis. 
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TABLE  4-9 


INCOME  AND  EMPLOYMENT  IMPACTS  IN 

HAMILTON/BURLINGTON 
FROM  CONTROL  MEASURE  EXPENDITURES 


From  Implementation  of: 

Measures  1-6 
Prime 

Measures  1-8 

INCOME  (S  1987) 

Construction  Phase  ($  millions) 

$3,0 

$  120.0 

Post-construction  ($mi II ions/year) 

$0  1 

$3  0 

EMPLOYMENT 

Construction  Phase  (person-years) 

30 

1,300 

Post-construction  (annual  person-years) 

Small 

30 

Source;  See  text. 


however,  it  is  likely  that  much  of  the  fishing  activity  will  be  undertaken  from  the  shore 
or  from  piers.  Without  information  regarding  the  nature  of  the  fishing  generated  in 
Hamilton  Harbour,  it  is  not  possible  to  assess  the  reasonableness  of  this  estimate  for 
this  study.  However,  it  is  likely  that  expenditures  of  $100  per  angler  in  the  Hamilton 
area  constitute  an  upper  bound  and,  therefore,  provides  the  basis  for  estimating  the 
maximum  economic  impact  which  can  be  expected  from  increased  fishing  activity. 

The  highest  estimate  of  increased  fishing  activity  in  Hamilton  Harbour  is  5,650  angler- 
days  per  year  associated  with  the  implementation  of  all  nine  control  measures.  (See 
Table  4-3).  This  figure  is  constrained  by  the  availabilty  of  fish  and  is  not  based  on  the 
potential  number  of  anglers  or  angler-days.  One  study  (reference  #11)  esimates  that 
the  average  angler  fishes  approximately  16  times  per  year.  This  figure  is  probably  too 
high  for  Hamilton  Harbour.  Using  an  arbitary  estimate  of  5  fishing  days  per  angler,  the 
estimate  of  5650  angler-days  translates  into  approximately  1100  anglers.  Assuming 
average    expenditures   per   angler   are    $100,    the    total   direct    expenditures    made    in 
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connection  with  new  fishing  activity  will  be  in  the  order  of  $110,000.  This  amount  may 
be  increased  if  there  are  significant  increases  in  boat  purchases. 

Expenditures  of  $110,000  related  to  new  fishing  activity  will  result  in  the  following 
effects  within  the  Hamilton-Wentworth  and  Burlington  area: 

•  Increased  income  of  $110,000  per  year. 

•  Creation  of  4  person-years  of  employment  annually. 

These  estimates  assume  an  income  multiplier  of  1.0  and  that  35  person-years  of 
employment  are  generated  for  every  $1,000, ,000  of  recreational  expenditure.* 

Economic  Impact  of  Recreational  Swimming 

Assuming  implementation  of  all  the  proposed  control  measures,  development  of  four 
additional  beaches  and  investment  in  curtains  and  disinfection  as  described  in 
Section  4.2.3,  swimming  activity  in  Hamilton  Harbour  will  amount  to  approximately  1.1 
million  user-days.  We  have  no  data  on  average  expenditures  per  swimmer  although  it  is 
reasonable  to  assume  that  they  will  be  very  small.  Assuming,  for  the  purposes  of 
illustration,  that  each  swimmer  spends  an  average  of  $2.00  per  day  -  primarily  for 
transportation,  food  and  drinks  which  he  would  not  otherwise  buy  -  total  direct 
expenditures  arising  from  the  swiming  activity  will  be  in  the  order  of  $2  million. 

Using  the  multipliers  for  sportsfishing  above,  these  expenditures  result  in  the  following 
economic  impacts  within  the  targert  area: 

•  Increased  income  of  $2  million  per  year. 

•  Creation  of  70  person-years  of  employment  annually. 

Summary  of  Economic  Impact  of  Increased  Recreational  Activity 

Expenditures  associated  with  increased  sportfishing  and  swimming  after 
implementation  of  all  nine  control  measures  will  result  in  additional  income  to  the 
Hamilton  area  of  approximately  $2  million  per  year  and  some  75  person-years  of 
additional    employment    per   year.      These    effects    are    comparable    to    the    economic 

These  multipliers  are  based  on  estimates  by  the  Ontario  Ministry  of  Tourism  and 
Recreation  (reference  i21)  hut  have  been  judgementally  adjusted  to  reflect  the 
smaller  size  in  the  area  under  study  relative  to  the  areas  for  which  the  Ministry 
derived  its  multipliers. 
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impact  of  operating  and  maintenance  expenditures  associated  witli  the  same  control 
measures  and  described  in  Table  4-9.   Both  sets  of  impacts  are  small. 

4.4      Key  Findings 

The  analysis  in  this  study  is  based  on  estimates,  contained  in  the  Phase  2  report,  of 
increased  activity  as  a  result  of  improving  water  conditions  in  Hamilton  Harbour. 
Specifically,  it  is  estimated  that  5,650  new  angler-days  and  1.1  million  swimming  days 
per  year  will  be  generated  by  the  nine  control  measures  proposed  in  the  Phase  3  report. 
Based  on  these  results,  the  key  findings  of  this  study  are  as  follows: 

•  New  recreational  activity  and  improved  water  quality  result  in  economic  value 
within  the  Regional  Municipality  of  Hamilton-Wentworth  and  the  City  of 
Burlington  in  the  following  ways: 

►  "use  value"  from  increases  in  fishing  and  swimming  and  through  increased 
enjoyment  by  current  anglers  and  boaters 

►  "non-use   value"   from    intrinsic   benefits   to   Hamilton-area   residents   from 
improved  conditions  in  the  Harbour. 

•  The  annual  value,  in  1987  dollars,  of  the  economic  value  benefits  associated  with 
implementation  of  all  nine  control  measures  is  estimated  at: 

►  $0.13  million  from  increased  fishing  activity 

►  $5.5  million  from  swimming  activity 

►  $19.6  million  non-use  value. 

•  Total  annual  economic  value  for  the  sequence  of  proposed  control  measures  is  as 
follows: 

»  $0.13  million  from  implementation  of  measures  1-7 

*  $25.2  million  from  implementation  of  all  nine  control  measures. 

•  Economic  value  benefits  exceed  the  associated  costs  after  implementation  of 
measure  8  and  possibly  after  implementation  of  measure  7.  Net  benefits  in  the 
former  case  are  estimated  at  $12.4  million  per  year;  the  associated  benefit-cost 
ratio  is  2.0. 
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•  Estimates  of  net  benefits  are  highly  dependent  on  estimates  of  non-use  value. 
The  figure  used  in  this  study  -  of  $100  per  household  per  year  -  is  based  on  the 
results  of  a  number  of  studies  which  have  estimated  non-use  values  for  preserving 
or  improving  water  quality  in  various  locations  in  Canada  and  the  U.S.  There  is 
some  question  whether  values  derived  for  other  areas  and  circumstances  are 
transferrable.  Thus,  the  results  should  be  interpreted  with  this  qualification  in 
mind. 

•  Economic  impacts  generated  by  increased  recreational  activity  as  a  result  of 
improved  conditions  in  the  Harbour  are  small.  Expenditures  associated  with 
implementation  of  the  control  measures  give  rise  to  significant  income  and 
employment  effects  during  the  construction  phase.  Construction  involved  in 
implementing  all  nine  control  measures  results  in  the  creation  of  1,300  person- 
years  of  employment  and  added  income  to  the  Hamilton  area  of  $120  million. 
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5.0  SENSITIVITY  ANALYSIS 

5.1  Introduction 

This  section  highlights  significant  information  gaps  that  were  not  adequately  addressed 
in  the  earlier  phases.  It  addresses  the  uncertainties  and  assumptions  regarding  the 
linkages  between  water  quality,  the  proposed  uses  and  benefits.  A  sensitivity  analysis 
of  key  economic  assessment  components  is  made.  Recommendations  are  made  for 
additional  data  gathering  and  further  work. 

5.2  Information  Gaps 

The  following  is  a  list  of  areas  identified  in  this  study  as  requiring  further  data. 

5.2.1  -  Harbour  Uses 

There  is  no  existing  data  on  fisheries  specific  to  Hamilton  Harbour.  The  Ontario 
Angler  Survey  does  not  include  Hamilton  Harbour  as  a  location  in  their  household 
questionnaire  nor  has  a  Creel  Census  been  done  on  fish  or  anglers  in  the  Harbour,  No 
other  sources  of  data  exist  which  are  specific  to  Hamilton  Harbour. 

Present  patterns  of  participation  were  estimated  for  recreational  boating  and  outdoor 
education.  These  are  activities  for  which  there  are  major  physical  facilities  and/or 
organized  programs  for  which  level  of  use  can  be  calculated.  Several  activities,  as 
listed  below,  are  not  organized  and  have  no  physical  facilities.  Information  on  these 
activities  was  not  available: 

•  canoeing  and  kayaking 

•  boardsailing 

•  walking  and  hiking  (unorganized  outdoor  education  activities). 

Potential  future  demand  was  estimated  but  was  based  on  the  most  recent  surveys:  the 
1977  Ontario  Recreation  Survey  (ORS)  and  the  1981  Canada  Fitness  Survey.  As 
described  in  the  point  above,  data  for  several  activities  was  not  available  at  all  and 
existing  sources  data  was  not  recent. 
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5.2.2  -  Remedial  and  Mitigative  Measures 

More  detailed  information  would  be  required  from  each  existing  industrial  and 
municipal  wastewater  treatment  plant  for  purposes  of  costing  for  instance;  operating 
capacity,  design  capacity,  specialized  treatment  methods  employed  which  can  include 
aeration  system  and  tankage. 

The  most  representative  and  published  data  collected  for  loadings  to  Hamilton  Harbour 
occurred  in  1977.  A  similar  comprehensive  compilation  of  all  parameters  measured  for 
the  1988-89  period  will  be  an  asset. 

Additional  data  will  need  to  be  collected  on  heavy  metals,  PAH,  PCB,  other  chloro- 
organics,  pesticides,  etc.  in  both  the  water  column  and  in  the  sediments. 

Additional  water  quality  data  from  non-point  sources  such  as  combined  sewer 
overflows  and  from  agricultural  lands  will  be  of  value  for  future  work. 

Fish  data  for  toxics/contaminants  have  been  gathered,  but  are  unavailable  at  this  point 
in  time,  making  it  difficult  to  complete  the  edible  portion  of  the  modelling  study. 

The  level  of  contaminants/toxics  in  other  ecological  niches  has  not  been  measured  in  a 
comprehensive  fashion  and  therefore  cannot  be  used  for  a  comparitive  valuation. 

There  is  much  on  the  literature  concerning  the  effect  of  contaminants/toxics  on  the 
ability  of  fish  to  survive,  their  uptake,  and  their  edibility.  But  the  effect  of  mixtures 
of  these  compounds  as  in  Hamilton  Harbour,  and  for  the  effect  of  specific  compounds 
is  not  well  understood  nor  detailed. 

5.2.3  -  Benefit-Cost  Framework 

The  following  describes  areas  identified  during  the  completion  of  Phase  4  in  which  data 
was  lacking.  Information  with  respect  to  non-use  values  are  discussed  first  because 
intrinsic  values  are  the  major  determinent  of  net  benefits  in  the  case  of  the  fisheries 
investment  for  Hamilton  Harbour.  Lack  of  information  in  this  area  is  therefore  most 
important  as  far  as  the  benefit-cost  assessment  is  concerned. 
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Non-Use  Values 

This  is  a  relatively  recent  area  of  study  and,  therefore,  there  is  not  a  ^eat  deal  of 
data  available  on  which  to  base  estimates  of  non-use  values.    In  particular: 

•  There  appear  to  be  no  estimates  made  of  intrinsic  value  associated  with  "fishing" 
in  itself.  Although  some  studies  estimate  non-use  values  associated  with 
improving  water  quality  from  its  current  state  to  a  "fishable"  level,  the  implicit 
assumption  is  always  that  the  ability  to  fish  is  gained  by  improving  the  quality  of 
the  water.  This  is  not  the  case  in  Hamilton  Harbour,  at  least  through  to 
implementation  of  measure  6  Prime  in  Table  3.16  of  Section  3.  The  lack  of 
information  on  the  intrinsic  value  associated  with  "fishable"  water  per  se  (as 
opposed  to  cleaner  water)  has  led  us  to  assume  a  zero  non-use  value  associated 
with  implementation  of  measures  1  through  6  Prime.  This  may  slightly  under- 
estimate the  actual  economic  benefit  attached  to  implementation  measures. 

•  In  some  cases,  it  is  not  possible  to  determine  what  the  studies  are  attempting  to 
measure.  For  example,  as  noted  above,  improvements  in  water  quality  are 
sometimes  stated  in  terms  of  physical  or  biological  conditions  (references  #5  and 
#14)  or  in  terms  of  activities  made  possible  (reference  #25).  These  activities  are 
presumably  possible  over  a  range  of  water  quality  levels.  For  this  reason,  it  is 
sometimes  difficult  to  assess  the  degree  of  change  in  water  quality  which  is  being 
valued  by  the  study  in  question. 

•  Estimation  of  non-use  values  is  usually  done  for  dramatic  changes  in  water 
quality.  Thus,  there  was  no  data  available  upon  which  to  assess  a  non-use  value 
for  implementation  of  measures  1  through  7  versus  implementation  of  measures  1 
through  (See  Table  4-1).  We  have  therefore  assumed  a  conservative  estimate  of 
zero  non-use  value  for  measures  1  through  7.  This  results  in  economic  benefits 
which  are  less  than  the  costs  involved.  As  is  discussed  in  Sections  4.2.5  and  5.5.3, 
this  may  represent  an  under-estimation  of  economic  benefits. 

Estimates  of  New  Fishing  Activities 

The  effect  of  the  nine  control  measures  proposed  for  development  of  a  warm  water 
fishery  in  the  Harbour,  on  yield  of  Northern  Pike  and  Largemouth  Bass  was  estimated 
in  the  Phase  2  report.  However,  we  have  no  estimates  of  how  the  measures  will  impact 
on  yield  of  other  species.     If  they  result  in  an  increase  in  other  preferred  species  as 
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well,  fishing  days,  the  associated  total  use  value,  and  net  economic  benefits  will 
increase  as  a  consequence. 

Use  Values 

The  studies  reviewed  for  this  report  do  not  differentiate  between  use  value,  or 
consumer  surplus,  derived  from  fishing  for  edible  fish  versus  non-edible  fish.  (The  fish 
in  Hamilton  Harbour  would  be  non-edible,  according  to  provincial  standards,  through  at 
least  measure  6  Prime.)  Use  of  the  $23  estimate  of  consumer  surplus  per  fishing  day 
for  all  control  measures  may  have  resulted  in  an  over-estimation  of  use  value  for 
measures  1  through  6  Prime  (or,  conversely,  an  under-estimation  for  measures  7  and  8). 

As  noted  in  Section  5.2.1,  estimates  could  not  be  made  of  increases  in  activities,  other 
than  recreational  fishing  and  swimming,  as  a  result  of  improved  water  conditions. 
Thus,  although  increases  can  be  expected  in  activities  such  as  hiking,  organized  outdoor 
education  programs,  and  so  on,  it  was  impossible  to  estimate  use  value  for  them. 
Similarly,  although  current  anglers  and  boaters  will  enjoy  these  activities  more  as  a 
result  of  the  control  measures,  we  had  no  basis  of  estimating  the  resulting  increase  in 
consumer  surplus  to  these  users.  Finally,  no  increases  in  boating  could  be  assumed;  this 
is  due  to  current  access  limitations.  The  estimate  of  use  value  used  in  the  benefit-cost 
assessment  may  therefore  underestimate  the  actual  total. 

5.3      Linkage  Uncertainties 

A  number  of  linkages  between  proposed  remedial  and  mitigative  measures,  future 
activities,  and  benefits  are  not  clear.    The  following  linkages  were  still  in  question: 

5.3.1  -  Harbour  Uses 

Although  estimates  were  developed  on  potential  pike  and  bass  populations  yielded  by 
each  measure,  it  was  not  clear  what  effect  the  measures  would  have  on  other  fish 
species. 

Intuitively,  the  participation  in  fishing  should  be  greater  if  an  edible  fishery  is  created 
rather  than  merely  a  sustainable  fishery.  However,  the  extent  of  an  increase  in 
demand  in  an  edible  fishery  compared  to  a  sustainable  fishery  is  not  known  and  cannot 
be  estimated  given  the  present  body  of  data  on  the  subject. 
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Remedial  measures  to  improve  water  clarity  and  appearance  and  shoreline  aesthetics 
should  have  some  effect  on  demand  for  boating  opportunities.  However,  access  to  the 
Harbour  and  will  continue  to  be  the  lay  factor  limiting  use.  Any  increases  in  demand 
created  by  improved  water  quality  will  not  be  realized  because  of  the  severe  access 
limitation. 

5.3.2  -  Remedial  and  Mitigative  Measures 

The  sequence  of  remedial  and  mitigative  measures  could  be  changed  thus  changing 
their  effectiveness  and  amortization  costs. 

The  effect  of  remedial  options  (source  control)  and  mitigating  measures  (e.g.,  sediment 
control)  can  only  be  guessed  at.  For  some  mitigating  measures,  such  as  the  chemical 
tanl<  of  sediments,  it  is  difficult  to  forecast  the  biophysical  response  because  the 
chemical  mechanisms  and  biological  controlling  release  from  the  sediments  are  not  yet 
written  or  well  understood. 

5.3.3  -  Benefit-Cost  Framework 
Non-Use  Values 

•  There  is  little  information  on  how  to  transfer  the  results  of  other  studies  -  that 
is,  how  to  tailor  the  results  of  other  studies  for  application  to  another  situation. 

•  Questions  remain  as  to  how  non-use  values  will  change  over  time.  For  example, 
if  an  individual  is  willing  to  pay  $100  per  year  for  a  given  change  in  water 
quality,  is  it  clear  that  he  will  continue  to  be  willing  to  pay  this  amount  (in 
constant  dollar  terms)  over,  say,  a  twenty-year  period. 

Estimates  of  New  Fishing  Activities 

The  linl<age  between  fish  yield  and  fishing  activity  is  not  clear.  An  aspect  of  this 
linkage  is  the  variation  in  new  fishing  activity  according  to  whether  the  fish  are  edible 
or  not. 

Use  Values 

We  had  no  basis  upon  which  to  estimate  the  increase  in  use  value  to  current  users  from 
improved  boating  and  fishing  conditions.     Although  the  study  done  by  DPA  Group  for 
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the  Ministry  of  the  Environment  in  May,  1987  suggests  a  method  for  estimating  the 
increase  in  consumer  surplus  for  boating  and  fishing  from  improved  water  quality,  it 
does  so  on  the  basis  of  measurements  of  water  quality  different  from  those  used  in 
Phase  3  of  this  study.  Specifically,  changes  in  fishing  use  values  were  linked  to 
changes  in  the  amount  of  phosphorus  and  the  resulting  change  in  the  morphoedaphic 
index;  changes  in  use  value  from  boating  were  linked  to  changes  in  chlorophyll  a 
concentrations. 

5.4      Assumptions 

5.4.1  -  Harbour  Uses 

In  estimating  present  participation  in  recreational  activities  on  Hamilton  Harbour,  the 
following  assumptions  were  made: 

•  Recreational  Boating  for  ships  and  mornings 

»  turnover  rate  of  1 

►  3.5  persons  per  boat 

»  average  frequency  of  participation  7  times  per  season 

For  Ramps 

►  25  boats  launched  per  day 
»  2.5  persons  per  boat 

►  slason  length  of  120  days 

►  institutional  constraint  of  0.5 

Programs 

►  Y  Sailing  School  participants  average  12  sessions  per  year 

•  Fishing 

►  most  observations  were  for  the  number  of  participants  on  a  summer 
weekend  so  the  number  of  observed  participants  was  multiplied  by  11 
summer  weekends  to  estimate  participation 

►  for  coldwater  specials,  the  number  of  participants  who  multiplied  by 

the  number  of  spring  weekend  days  (8) 
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•  Outdoor  Education  and  Nature  Interpretation 

»  in    estimating   participation    in    the    Junior    Naturalists    Program,    it    was 

assumed  that  individuals  participated  twice  per  month 

•  For  participation  by  the  Hamilton  Naturalists,  it  was  assumed  that  the  average 
number  of  participants  reported  in  interviews  was  constant  for  all  of  the  Club's 
outings. 

In    estimating   future    potential   participation,    the    following   assumptions    were 
made: 

•  Recreational  Boating 

f  The  estimate  for  the  number  of  potential  boaters  in  the  future  assumes  that 

the  percentage  of  residents  who  participate  in  boating  will  be  the  same  as 
in  the  1977  Ontario  Recreation  Survey  (ORS). 

•  Fishing 

*  Estimates  of  future  fishing  opportunities  used  a  survey  of  urban  anglers  and 

household  survey  in  Toronto  as  a  surrogate  model.  Although  a  comparison 
of  demographic  characteristics,  resources  and  trends  in  Hamilton  and 
Toronto  was  not  used  to  compare  the  two  populations,  it  was  assumed  that 
the  socio-economic  characteristics  and  the  type  of  urban  fishing  in  the  two 
cities  are  similar  enough  for  the  Toronto  figures  to  be  compared  to  Toronto. 
The  frequency  of  use  was  estimated  at  16  times  per  year.  This  compares  to 
estimates  derived  from  other  fishing  surveys. 

5.4.2  -  Remedial  and  Mitigative  Measures 

•  Fisheries  Aspects 

»  A   reasonable   hypothesis  of  fisheries   response   to   remedial    measures   and 

mitigating  measures  have  been  formulated  for  the  fisheries. 

•  Eutrophication  Aspects 

>  The   modelling  tool  combines  available  knowledge   and   hence   provides  an 

excellent  first  cut  at  calculating  the  Harbour's  response. 
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►  The  DO  calculations  of  response  to  control  of  point  source  reduction  of 
ammonia  and  phosphorus  are  conservative,  perhaps  too  conservative.  The 
response  tend  to  loading  reductions  is  correct,  but  the  magnitude  may 
change  by  the  order  of  1-2  mg/L,  dependent  upon  how  the  following 
integrate  together: 

1)  the  updating  of  the  eutrophication  model  with  the  worl<  of  Klapwiyk 
and  Poulton  and  the  formulation  of  a  time  response  model  for  SOD; 

2)  the  use  of  an  average  seasonal  calculation,  rather  than  an  extreme 
value  for  assessing  hypolimnetic  DO;  and 

»  The  general  trend  of  water  clarity  is  appropriate;  the  absolute  magnitude 

may   change    by    10-40%    with    a    reformulation    of    light    clarity    kinetics 
specific  to  the  Harbour. 

>  The  assumptions  about  swimming  concerned  CSO  control  and  phosphorus 
disinfection  of  the  two  municipal  effluents.  The  analysis  did  not  include  the 
following: 

the  lack  of  sufficient  coverage  of  the  harbour  on  a  monitoring 
program  to  rigorously  define  the  present  state  and  to  allow  loading  - 
harbour  quality  relationship  to  be  evaluated; 

the  small  frequency  of  overflows  which  still  occur  with  storage;  and 

the  bacterial  contamination  which  results  from  stormwater  flows  in 
Red  Hill  Creek,  Spencer  Creek  (into  Cootes  <5c  into  the  Harbour), 
Chedoke  Creek,  and  the  Rambo-Hager  Diversion.  These 
concentrations  are  typically  in  the  range  of  10,000-20,000  mL  F.C  per 
100  ml. 

5.4.3  -  Benefit-Cost  Framework 

The  following  assumptions  were  made  in  the  benefit-cost  assessment  and  the  analysis 
of  economic  impact: 

•  General 

»  all  data  are  in  1987  terms 
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Costs 

y  assumes  the  amortization  of  capital  costs  over  a  20-year  period  at  a  real 

discount  rate  of  about  4% 

New  Recreational  Activity 

y  increases  in  fishing  activity  are  in  response  to  increased  yield  of  pike  and 

bass  only;  no  increase  is  estimated  for  potential  additions  to  yield  of  other 
fish  species. 

>  assumes  the  mid-point  of  the  range  of  new  fishing  activity  estimated  for 
each  control  measure  (from  Phase  2  report) 

>  assumes  no  increase  in  recreational  boating  in  response  to  control  measures; 
this  is  due  to  access  limitations 

>  no  increase  in  outdoor  education  and  nature  interpretation  or  other 
activities  (due  to  lack  of  data) 

>  increase  in  swimming  activity  (of  1.1  million  user-days)  assumes 
development  of  four  beaches  in  the  Hamilton/Burlington  area  and 
investments  in  curtains  and  water  disinfection. 

»  all  new  recreational  activity  is  assumed  to  be  generated  by  residents  of  the 

target  area  (the  Regional  Municipality  of  Hamilton-Wentworth  and  the  City 
of  Burlington) 

Use  Value 

>  consumer  surplus  for  sportfishing  was  assumed  to  be  $23  per  angler  day 

»  consumer  surplus  for  swimming  was  assumed  at  $5  per  user  day 

>  no  use  value  was  estimated  for  increased  enjoyment  of  boating,  fishing  and 
other  recreational  and  educational  activities  by  current  users  of  the 
Harbour 

>  no  use  value  was  estimated  for  new  activities  other  than  fishing  and 
swimming 
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►  use  values  were  not  adjusted  downward  to  reflect  "diverted"  as  opposed  to 
new  fishing  and  swimming  activity 

•  Non-Use  Value 

»  assumes  that  non-use  value  is  generated  only  after  improvements  are  made 

in  the  quality  of  the  water  in  Hamilton  Harbour  -  that  is,  non-use  value 
through  implementation  of  measure  6  Prime  is  assumed  to  be  zero 

>  assumes  non-use  value  of  zero  for  measure  7  as  well,  due  to  lack  of  data 
upon  which  to  base  estimate 

>  assumes  intrinsic  value  of  $100  per  household  per  year  after  implementation 
of  measure  8 

•  Economic  Impacts 

»  estimation  of  economic  impacts  associated  with  expenditures   incurred   in 

implementing  the  control  measures  is  made  on  the  basis  of  an  income 
multiplier  of  0.9  and  assumes  the  creation  of  10  person-years  of 
employment  per  $1,000,000  of  directed  expenditure 

►  estimation  of  economic  impacts  associated  with  expenditures  made  as  a 
result  of  increased  fishing  activity  assures  (a)  that  such  expenditures  will 
not  exceed  $100  per  angler,  (b)  an  income  multiplier  of  1.0,  and  (c)  that  35 
person-years  of  employment  are  created  for  every  $1,000,000  of  direct 
expenditure 

5.5      Sensitivity  Analysis 

5.5.1  -  Sensitivity  of  Study  Results  to  Estimates  of  Diffuse  Source  Loading  Control 

The  cost  of  remedial  action  for  diffuse  sources  and  its  effectiveness  can  be  assessed 
provided  the  loads  can  be  estimated,  the  effectiveness  of  control  evaluated,  and  the 
cost  of  control  characterized. 

Diffuse  source  loads  constitute  the  dominant  proportion  of  estimated  phosphorus  input 
levels  to  the  harbour  after  implementation  of  sand  filters  combined  sewer  overflow 
control.  Control  measure  8  of  the  overall  euthrophication  scenario  assumed  that  best 
management  practices  on  approximately  50%  of  the  watershed  at  a  cost  of  $25  per 
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acre  year  to  the  farmer.  The  area  farming  involved  was  assumed,  in  the  absence  of 
more  definitive  data.  More  recent  data  has  been  obtained  which  allows  testing  of  this 
assumption. 

Source  of  Diffuse  Load  Estimates 

The  estimates  diffuse  source  loads  for  1977  covered  all  sources  and  were  as  follows: 


Watershed 

Drainage 
Area (ha) 

Flow 
(mVd) 

Loading 
(kg/d) 

TP 
(mg/L) 

Unit 

Load 

g/ha/d 

Red  Hill 

6,900 

83,400 

67 

08 

97 

Grindstone 

7,900 

82,700 

29 

0.35 

3  7 

Rambo  Hager 

3,900 

23,600 

0.7 

0.03 

0.2 

Cootes 

27,600 

345,000 

140 

0.4 

5.1 

Recent  estimates  have  updated  these  estimates  but  have  not  marJcedly  changed  them. 
For  example,  SWMM  modelling  of  Red  Hill  Creek  gave  estimates  of  62  kg/yr.  but  were 
based  upon  a  lower  flow  rate  (25,000  m3/day)  representative  of  the  summer  and  a 
higher  average  phosphorus  concentration  (2.3  mg/L).  The  SWMM  modelling  was 
extended  to  other  sewer  systems,  and  was  based  upon  the  following: 


Source 

Total  Phosphorus  Concentration 

Downtown  combined  sewer  overflow 

2  5  mg/L 

Chedoke  Creek 

1.5  mg/L 

Storm  sewers  m  Hamilton  West 

1  1  mg/L 

The  assessment  of  the  effects  of  control  of  diffuse  sources  upon  loadings  requires  that 
both  loads  from  urban  and  agricultural  areas  be  assessed,  that  flow  rates  and  average 
concentrations  be  known.  This  is  difficult  due  to  lack  of  sufficient  monitoring  data. 
The  1977  estimates  are  plausible.  Other  monitoring  data  for  Red  Hill  Creek  indicate 
similar  values  for  total  phosphorus  in  the  early  1970's  (.4  to  2.1  mg/L).     The  loadings 
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for  Cootes  were  based  upon  summer  measurements  of  total  phosphorus  in  the  East 
Pond;  the  values  for  late  winter  are  not  know. 

Magnitude  of  Diffuse  Source  Loads  from  Agriculture 

Assuming  that  Hamilton  Wentworth  is  representative  of  the  whole  watersheds,  the 
following  are  the  relative  magnitude  of  crops: 

Total  Land  Area 

Total  Crops 

Grains 

Corn 

Hay 

Soy  Bean 

Potatoes 

Vegetables 

Other  Crops 

The  crop  area  compares  to  the  following  areas  of  the  Hamilton  Harbour  Watershed 
(estimated  by  planimetring  from  the  map  showing  the  extent  of  the  urban  in  1977)  as 
follows: 

Spencer's  Creek  (Non-urban  Burlington)  349    km^ 

Upper  Hamilton  (Non-urban)  46 

Dundas  (Urban)  3.1 
Ancaster  (Urban)  7 

Hamilton  (Urban)  67 

Burlington  (Urban)  16 

This  summary  indicates  that  certain  areas  constitute  less  than  20%  of  the  total 
watershed  in  1977;  if  it  is  assumed  that  the  total  area  of  upper  Hamilton  urbanizes  (as 
it  presently  is  doing)  the  total  urban  area  is  less  than  30%  of  the  total  catchment. 

Applying   the    Hamilton    Wentworth   crop    ratio   to   the    watershed    area    of    375    km 
indicates  that  crops  involving  corn,  soybean,  potatoes  and  vegetables  would  constitute 
17,000  ha. 


59,000 

ha 

43,000 

ha 

11,700 

ha 

12,000 

ha 

10,000 

ha 

2,100 

ha 

690 

ha 

2,070 

ha 

3,000 

ha 
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Inclusion  of  grains  would  constitute  28,600  ha.  Accordingly  for  the  no-tillage  option  to 
be  applicable  to  25,000  ha  (as  assumed  above),  it  must  apply  to  both  corn  and  grains. 

Whether  the  reduction  of  50  kg/day  could  be  achieved  is  a  question  that  needs 
addressing.  The  largest  reduction  in  diffuse  load  would  be  achieved  for  a  change  in 
tillage  practice  for  corn.  The  reduction  of  5  kg/d  represents  a  decrease  of  20%  from 
diffuse  source  loads.  This  could  require  complete  elimination  in  loads  from  corn  crops 
to  zero  export,  and  implausible  task.  Alternatively  this  reduction  could  be  achieved 
from  corn  and  other  similar  row  crops.  However,  on  a  basin  wide  basin,  achievement 
of  a  20%  reduction  should  be  achievable. 

Cost  Estimates 

Whether  the  cost  estimates  for  diffuse  source  control  ($1.5  million/year)  are 
appropriate  also  requires  further  investigation.   These  two  sources  of  error  are: 

i)         the  cost  estimates  are  too  high;  and 

ii)       other  costs,  not  included  in  the  cost,  need  to  be  included. 

The  costs  are  based  upon  the  maximum  estimates  made  for  the  Bay  of  Quinte  RAP  in 
which  the  net  farm  cost  of  implementation  of  no  tillage  was  assessed  as  S60/ha/year. 
Other  costs  estimates  available  from  the  literature  suggested  costs  ranging  from 
negligible  to  $75/ha/yr.  If  the  net  on  farm  impact  were  say  $10/ha/yr.  the  net  cost  of 
diffuse  source  control  would  be  $0.25  million/year  rather  than  1.5  million/year  for 
consideration  on  the  economic  evaluation.  This  represents  a  large  on-farm  cost,  but  in 
terms  of  the  assessment  of  the  overall  RAP,  it  represents  a  much  smaller  effect  upon 
the  analyses  because  the  cost  of  diffuse  control  represents  less  than  10%  of  costs  of  all 
options  to  and  including  CSO  control. 

Other  costs  which  need  to  be  considered  are  the  cost  of  urban  control  including  storm 
ponds.  It  is  difficult  to  place  a  cost  estimate  on  this  item  until  the  magnitude  of 
diffuse  source  inputs  from  urban  areas  are  separated  from  those  from  agricultural 
areas.  It  is  expected  that  Red  Hill  Creek  loadings  would  be  due  mainly  to  urban  areas, 
while  Cootes  loadings  may  or  may  not  be  due  mainly  to  agricultural  areas.  The 
phosphorus  budget  for  Cootes  Paradise  requires  further  assessment.  Based  upon  1977 
data  and  the  estimates  of  Robinson  et.  al.,  1981,  the  following  budget  results: 

1.        Dundas  STP  (1977  estimates)  18    kg/d 
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2.  Chedoke  Creek  (1981  estimates)  23    kg/d 

3.  Spencers  Creek  (0.35  mg/L)  112    kg/d 
Total  153    kg/d 

This  closes  to  within  10%  of  the  estimates  made  for  the  discharge  from  Cootes 
Paradise  to  Hamilton  Harbour  in  1977.  Other  estimates  suggest  that,  in  the  early 
1970's  the  Dundas  Sewage  Treatment  Plant  was  loading  50  to  80%  of  the  total  load  to 
Cootes  Paradise.  Furthermore,  the  value  for  Spencer's  Creek  assumes  0.35  mg/L  total 
phosphorus,  whereas  historical  data  suggests  values  ranging  from  0.2  to  0.8  mg/L  with 
most  of  the  data  being  in  the  0.11  to  0.2  mg/L  range. 

5.5.2  -  Benefit-Cost  Framework 

The  following  sensitivity  analysis  describes  the  results  obtained  by  varying  some  of  the 
key  assumptions  used  in  the  benefit-cost  assessment  presented  in  the  Phase  4  report. 
Net  benefits  are  calculated  for  three  sequences  of  control  measures  -  measures  1 
through  6  Prime,  7  and  8  as  numbered  in  Table  4-1  -  and  compared  against  the  net 
benefits  reported  for  each  of  these  sequences  in  Table  4-7.  The  analysis  is  based  on 
variation  of  three  key  factors: 

1.  Estimates  of  non-use  values. 

2.  Use  estimates  -  specifically,  number  of  angler  days  and  number  of  user-days  for 
swimming. 

3.  Time  horizon  used  for  converting  capital  costs  into  annual  values. 

The  results  of  these  three  analyses  are  described  separately  below. 

Non-Use  Values 

Non-use  values  were  chosen  for  analysis  because  they  are  the  major  determinant  of  net 
benefits.  As  estimated  in  the  Phase  4  report,  they  outweigh  the  only  other  significant 
component  of  economic  value  -  use  value  from  swimming  -  by  a  factor  of  4. 
Furthermore,  they  are  independent  of  "use"  estimates,  i.e.,  estimates  of  new  fishing 
and  swimming  activity. 

Although  there  is  a  range  of  fishing  use  value  estimates  as  well,  -  from  approximately 
$6  to  $40  per  angler-day  -  the  range  yields  economic  value  which,  even  at  the  upper 
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limit,  is  insignificant  compared  to  non-use  values.  The  analysis  is  therefore  confined 
to  non-use  values. 

The  results,  shown  in  Table  5.1,  are  based  on  non-use  values  as  follows: 

•  For  implementation  of  measures  1-6  Prime,  a  "low"  non-use  value  of  zero  and  a 
"high"  estimate  of  $10  per  household  per  year. 

•  For  implementation  of  measures  1-7  and  1-8,  a  low  of  $10  and  a  high  of  $150  per 
household  per  year. 

The  estimates  contained  in  the  Phase  4  report  are  based  on  a  non-use  value  of  zero 
until  measure  8  is  implemented  whereupon  a  value  of  $100  per  household  per  year  is 
assumed.  The  range  of  non-use  values  in  the  literature  is  such  that  all  these  values  - 
$10,  $100,  and  $150  are  supportable. 

The  conclusion  from  this  analysis  is  that  depending  on  the  amount  chosen  as  the  basis 
for  calculating  non-use  values,  the  resulting  net  benefits  can  be  extremely  large  -  or, 
they  an  be  negative. 

Use  Estimates 

Fishing 

The  Phase  2  estimates  of  new  recreational  activity  resulting  from  implementation  of 
the  control  measures  were  stated  in  terms  of  a  range  for  new  angler  days.  Estimates 
of  economic  value  in  the  Phase  4  report  take,  as  their  basis,  the  mid-point  of  this 
range.  However,  the  estimates  of  new  activity  are  based  only  on  the  yield  of  Northern 
Pike  and  Largemouth  Bass  and  do  not  take  into  account  the  increases  in  other  species 
which  may  result  from  the  control  measures.  Table  5-2,  below,  shows  what  net 
benefits  would  be  if  the  upper  limit  in  the  Phase  2  report  based  only  on  Northern  Pike 
and  Largemouth  Bass  were  doubled  as  a  measure  of  the  possible  increase  which  might 
take  place  in  other  species. 

As  shown  in  Table  5-2,  if  the  upper  limit  of  new  fishing  activity,  estimated  in  the 
Phase  2  report,  is  doubled,  the  net  benefits  become  positive  for  measure  6  Prime.  The 
results  for  measures  7  and  8  are  essentially  unchanged,  because  of  the  relative  size  of 
the  costs,  for  measure  7,  and  of  non-use  and  swimming  values,  for  measure  8. 
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TABLE  5.2 


RESULTS  GIVEN  DOUBLING  OF  NEW  FISHING  ACTIVITY 
(OOO'S  OF  CUMULATIVE  1987  DOLLARS  PER  YEAR) 


Control 
Measure 

Use  Value 

Non- 
Use 
Value 

Total 

Economic 

Value 

Costs 

Net 
Benefits 

Estimates 

in 

Report 

Fishing 

Swimming 

Effect  of  light  on 
measures  1-6(6  Prime) 

$420 

$  0 

$  0 

$420 

$330 

$90 

($206) 

Sand  Filters  in 

STP                            (7) 

$420 

$  0 

$  0 

$420 

$6,500 

($6,080) 

($5,370) 

CSO  Control             (8) 

$430 

$5,500 

$19,600 

$25,530 

$12,800 

$12,730 

$12,430 

Swimming 

The  Phase  2  report  estimates  that  approximately  1.1  million  user  days  of  swimming 
will  be  generated  if  all  nine  control  measures  are  implemented,  assuming  the 
development  of  four  new  beaches  in  the  Harbour.  If  this  estimate  is  arbitrarily  cut  in 
half,  net  benefits  from  implementing  all  nine  measures  are  reduced  to  $9.7  million  per 
year,  versus  the  report  estimate  of  $12.4.  (Swimming  is  not  possible  before  the 
implementation  of  measure  8.) 

Time  Horizon  for  Amortizing  Capital  Costs 

Estimates  in  the  Phase  4  report  are  framed  in  terms  of  values  in  a  typical  year.  This  is 
straight  forward  in  the  case  of  operation  and  maintenance  costs  and  in  the  case  of 
benefits,  all  of  which  are  expected  to  remain  fairly  constant  on  an  annual  basis. 
Capital  costs,  however,  are  one-time  expenditures.  If  they  are  spread  over  a  20-year 
period,  as  was  done  in  the  Phase  4  report,  the  resulting  annual  values  are  considerably 
lower  than  if  they  are  amortized  over  a  10-year  period  -  as  a  measure  of  a  shorter 
"life"  for  the  capital  equipment  involved  or  as  a  proxy  for  under-estimation  of  nominal 
capital  costs.  The  results  of  amortizing  capital  costs  over  10  years  are  shown  in 
Table  5-3. 


The  results  in  Table  5-3  suggest  that  if  the  capital  costs  are  considerably  greater  than 
those  estimated  in  the  Phase  3  report,  or  if  they  are  spread  over  a  10-year  as  opposed 
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TABLE  5.3 

RESULTS  GIVEN  AMORTIZATION  OF  CAPITAL  COSTS  OVER  1  0  YEARS 
(OOO'S  OF  CUMULATIVE  1987  DOLLARS  PER  YEAR) 


Control 
Measure 

Benefits 

Costs 

Net 
Benefits 

Estimates 

in 

Report 

Effect  of  light  on 
measures  1-6     (6  Prime) 

$120 

$490 

($370) 

($206) 

Sand  Filters  in  STP        (7) 

$130 

$9,590 

($9,460) 

($6,370) 

CSO  Control                   (8) 

$25,230 

$19,570 

$5,660 

$12,430 

to  a  20-year  span,  the  ma^itude  of  the  net  benefits  resulting  from  implementation  of 
all  nine  control  measures  is  reduced.   Otherwise,  the  results  are  essentially  unchanged. 

5.6      Recommendations 

5.6.1  -  Harbour  Uses 

•  Gaps  in  information  on  recreational  activities  in  Hamilton  Harbour  could  be 
solved  by  implementing  household  and  user  surveys  in  the  study  area.  The 
surveys  would  have  to  be  carefully  designed  to  measure  present  and  future 
demand  for  Harbour  activities  and  produce  data  which  is  in  the  format  required 
by  the  benefit  cost  mode. 

•  Fishing  information  gaps  could  easily  be  solved  using  existing  programs.  The 
Ontario  Ministry  of  Natural  Resources  currently  undertakes  creel  surveys  and 
household  surveys  (Ontario  Angler  Survey)  to  estimate  fish  yields  and  angling 
activity.  These  existing  programs  could  include  Hamilton  Harbour  as  a  location 
and  this  provides  the  required  information. 


5.6.2  -  Remedial  and  Mitigative  Measures 

•  For  construction  of  cost  abatement  curves,  the  background  data  that  was  used  to 

generate  the  pollutant  loadings  should  be  investigated  and  assessed  in  terms  of 
reduction  and  treatment  costs  in  more  detail.  The  information  gained  would  be 
valuable  in  generating  cost  curves. 
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5.6.3  -  Biophysical  Response  of  the  Harbour 

•  Additional  monitoring  data  are  needed  for: 

a)  point  sources  for  heavy  metals,  PAH,  PCB,  other  organics,  pathogenic 
bacteria,  etc. 

b)  non-point  source  pollutants  such  as  combined  sewer  overflows  and 
agricultural  runoff  for  heavy  metals  PAH,  PCB,  other  organics,  pathogenic 
bacteria,  etc. 

•  Additional  research  on  the  contribution  and  effects  of  contaminated  sediments  on 
the  water  column,  fish  and  biota. 

•  Additional  physical  data  to  scale  physical  limnological  measurements  to  transport 
coefficients. 

Eutrophication  Aspects 

The  eutrophication  model  used  for  calculations  of  biophysical  response  of  Hamilton 
Harbour  to  remedial  and  mitigative  measures  needs  updating  with  additional/allied  set 
of  models  and  validation  test  carried  for  the  period  1978-1987.  Additional 
modifications  would  include  further  horizontal  compartization  of  the  harbour  to 
provide  increased  realism  and  credibility  to  the  modelling  efforts. 

The  dissolved  oxygen  calculations  of  response  to  control  of  point  source  reduction  of 
ammonia  and  phosphorus  are  conservative,  perhaps  too  conservative.  The  response 
trend  to  loading  reductions  is  correct,  but  the  magnitude  may  change  by  the  order  of 
1-2  mg/L,  dependent  upon  how  the  following  integrate  together: 

1)  the  updating  of  the  eutrophication  model  with  the  work  of  Klapwiyk  and  Poulton 
and  the  formulation  of  a  time  response  model  for  sediment  oxygen  demand; 

2)  the  use  of  an  average  seasonal  calculation,   rather  than  an  extreme   value   for 
assessing  hypoUmnetic  dissolved  oxygen;  and 

The  general  trend  of  water  clarity  is  appropriate;  the  absolute  magnitude  may  change 
by  10-40%  with  a  reformulation  of  light  clarity  kinetics  specific  to  the  Harbour. 
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5.6.4  -  Benefit  Cost  Framework 

•  The  set  of  control  measures  proposed  for  creation  of  a  warm-water  fishery  in 
Hamilton  Harbour  involve  substantial  expenditures.  According  to  the  benefit- 
cost  framework  outlined  in  Phase  4,  positive  net  benefits  result  only  on  the  basis 
of  the  intrinsic  benefits  which  will  accrue  to  residents  of  the  area  from  cleaner 
water  in  the  Harbour.  Estimation  of  these  benefits  was  based  on  a  review  of  the 
literature.  Given  time  and  budget  limitations,  the  review  was  not  exhaustive. 
However,  even  if  it  had  been,  it  is  not  clear  that  results  from  one  study  or  group 
of  studies  can  be  applied  to  the  situation  specific  to  Hamilton  Harbour.  Thus,  it 
is  our  recommendation  that  the  Phase  4  results  be  interpreted  as  a  preliminary 
assessment  and  that,  prior  to  implementing  the  remedial  measures,  a  survey  be 
carried  out  of  residents  in  the  target  area  in  order  to  refine  the  benefit 
estimates.  A  survey  would  allow  the  collection  of  primary  data  tailored  to  the 
current  and  proposed  conditions  for  Hamilton  Harbour  and  could  provide  a  clearer 
indication  of  how  much  weight  to  place  on  estimates  of  non-use  benefits  versus 
use  values. 

•  As  noted  above,  estimates  of  non-use  value  were  based  on  a  review  of  the 
literature.  Although  this  review  encompassed  much  of  the  research  which  has 
been  done  on  intrinsic  values,  it  was  not  exhaustive.  A  literature  review  will  be  a 
facet  of  all  the  Remedial  Action  Plan  Assessments  undertaken  by  the  Ministry. 
Furthermore,  it  involves  a  complex  area  of  research  with  a  steep  "learning 
curve".  Thus,  we  recommend  that  the  Ministry  undertake  a  one-time  literature 
review  which  is  exhaustive,  thorough,  and  usable  by  all  those  involved  in  the  RAP 
Assessments. 
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6.0    CONCLUSIONS 

Implementation  of  the  mitigative  and  remedial  measures  identified  as  being  most  cost- 
effective  in  promoting  a  self-sustaining  warm  water  fishery  in  Hamilton  Harbour,  will 
result  in  net  economic  benefits  of  approximately  $12.4  million  if  all  nine  measures  are 
adopted.  This  estimate  is  highly  dependent  on  estimates  of  the  non-use,  or  intrinsic, 
value  associated  with  improving  water  quality  in  the  Harbour.  The  estimate  used  in 
this  analysis  ~  of  $100  per  household  after  implementation  of  all  control  measures  — 
was  derived  from  a  review  of  the  literature  and  it  is  not  l<nown  how  accurately  it 
reflects  the  particular  circumstances  of  this  study.  The  results  of  the  benefit-cost 
assessment  should  therefore  be  regarded  as  preliminary.  The  proposed  control 
measures  entail  a  significant  financial  investment  and,  as  such,  warrant  more  refined 
supporting  data  upon  which  to  base  their  implementation.  Such  data  could  be  obtained 
by  conducting  a  survey  of  residents  in  the  Hamilton  area  to  determine  their  assessment 
of  the  non-use,  and  use,  benefits  associated  with  improved  conditions  in  the  Harbour. 

A  primary  survey  would  also  permit  a  more  complete  assessment  of  certain  aspects 
which  the  current  study  was  unable  to  incorporate  fully,  if  at  all.   These  include: 

•  Estimation  of  the  use  value  associated  with  activities  other  than  swimming  and 
fishing  which  would  result  from,  or  be  enhanced  by,  the  proposed  control 
measures. 

•  Differentiation  of  use  values  associated  with  fishing  for  edible  vs.  non-edible  fish. 

•  Assessment  of  how  uses  of  the  Harbour,  and  the  associated  use  value,  will  evolve 
over  time. 

•  A  better  understanding  of  how  non-use  values  will  change  over  time. 

Benefit-cost  analysis  is  a  complex  procedure  and  this  is  particularly  true  in  a 
recreational  application  where  techniques  are  relatively  new  and  untried. 
Furthermore,  this  study  has  been  largely  exploratory  in  nature  and  does  not  constitute 
an  exhaustive  analysis.  Although  preliminary,  however,  the  results  do  suggest  an 
economic  basis  for  improving  water  conditions  in  Hamilton  Harbour  given  patterns  of 
use  predicted  for  the  short-term.    As  current  constraints  and  limitations  to  use  of  the 
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Harbour  (such  as  the  curreh.  shortage  of  boatihg  ta.lll.ies)  are  reduced  -  as  would 
lively  be  the  case  over  the  medium-  to  lohg-term  -  the  het  economic  behefts  w,ll 


increase. 
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Ministry  of  the  Environment 
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Wentworth,  Regional  Planning  Branch 

Hamilton  Naturalists  Club 

Ministry  of  the  Environment 
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Liz  Aldrey 
Bill  Vanderbrug 
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Ron  Agnew 
Keith  Rodgers 
Deb  Martin 
Nilan  Bedy 
Doug  Farguar 
Paul  Savoie 
Larry  Halleck 
John  Stuger 
Peter  Rice 
Ed  Smee 
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Tony  Dojak 
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Hamilton  Harbour  Commission 

Hamilton  Yacht  Club 

Macassa  Bay  Yacht  Club 

West  Leander  Boat  Club 

Burlington  Sailing  and  Boating  Club 

Hamilton  and  Burlington  "Y"  Sailing  Club 

Hamilton  Region  Conservation  Authority 

Golden  Horseshoe  Outdoors  Club 

Bassmasters 

Canada  Centre  for  Inland  Waters  (CCIW) 

Ministry  of  Natural  Resources,  Maple  District 

Ministry  of  Natural  Resources,  Fisheries  Branch 

Ministry  of  Natural  Resources,  Fisheries  Branch 

Ministry  of  Natural  Resources,  Richmond  Hill 

Ministry  of  Natural  Resources,  Cambridge  District 

Hamilton  Naturalist  Club 

Royal  Botanical  Gardens 

Conserver  Society  of  Hamilton  and  District 

Board  of  Education  for  the  City  of  Hamilton,  Outdoor 
Education  Department 

Royal  Botanical  Gardens 

Halton  Region  Conservation  Authority 

City  of  Hamilton,  City  Architect's  Office 

Hamilton  Culture  and  Recreation  Department 

Macdonald  Marine 

Hamilton  Parks  Department 

Burlington  Recreation  Services  Department 

Canada  Centre  for  Inland  Waters  (CCIW) 

Bay  Residents  Association 
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TELEPHONE  INVERVIEW  GUIDE   -  HAMILTON  HARBOUR  RECREATIONAL 
USE 


Name  of  Organization: 
Contact  Person: 


Type  of  Organization: 

No.  of  Members: Change  last  Change 

10  years      in  future_ 

l.a)    Do  you  operate  facilities  in  the  Harbour  area? 

b)    Type  of  facilities  and  capacity/use  (e.g.,  number  of  berths,  moorings,  etc., 

club  house;  trails;  land)?  


c)    What  is  the  level  of  use  of  the  facilities:  (//  of  users,  frequency  of  use) 


d)    What  are  the  characteristics  of  users  (age,  sex) 


e)    Are  any  changes  expected  in  the  level  or  tyfse  of  use  expected?_ 


f)     What  changes  have  occurred  in  the  number  and  type  of  facilities  in  the    last 
10  years? 


g)    Are  any  changes/expansion  planned  in  the  next  10  years? 


2. a)  Do  you  offer  any  programs  in  the  harbour  area?(What  are  they,  where  are 
they  offered) 


b)  What  facilities  or  location  do  you  use  for  your  programs? 


c)     What  is  the  present  level  of  use  of  your  programs? 


d)     What  are  the  characteristics  of  program  participants? 


e)    What  changes  (growth/decline  in  use  have  occurred  in  the  last  10  years)? 


3.    Do  you  see  any  major  issues  or  concerns  related  to  the  recreational  use  of 
the  Harbour  (Problems  encountered  by  your  group  or  by  people  in  general? 


4.    Do  you  have  any  suggestions  for  changes/improvements  in  the  Harbour  area 
which  would  improve  the  quantity  or  quality  of  recreational  use?    


5. a)  Do  you  or  your  members  fish?  No.  of  times  per  year Where 


b)  Would  fishing  in  the  Harbour  increase  if  water  quality  improved?_ 


6.         To  improve  the  water  quality  of  Hamilton  Harbour  will  require  a  large 

expenditure  by  the  governments  involved.    As  a  tax  payer  are  you  willing 
to  pay  more  to  clean-up  the  Harbour?     How  much? 


7.         For  Respondents  involved  in  fishing: 

a)  No.  of  anglers  (from  your  data  source)  fishing  in  the  Harbour? 


b)  No.  of  times  per  year 

(frequency)  anglers, 

,  fish  in 

the 

Harbour? 

c)  Change  in  No.  of  angi 

ers  over  the  last  10 

years?_ 

d)  Change  in  frequency? 

e)  Expected  changes  in  the  next  10  years 

f)  No.  of  anglers  in  the  Hamilton/Burlington  Area 
Notes  for  interviewer: 


o  For  each  activity,  breakdown  users  by  residents  (Hamilton  and  Burlington) 

and  non-residents. 

o  For  past  levels  of  use,  ask  for  yearly  information. 

o  Ask  for  additional  demographic  information  on  participants. 

o  For  each  facility/program  ask  for  costs/rates. 
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APPENDIX  E 

ASSESSMENT  OF  BENEFITS  AND  COSTS  OF 
DIFFUSE  SOURCE  CONTROL  OF  PHOSPHORUS 


1.1  Economics  of  Remedial  Land  Conservation  Practices 

Research  in  the  area  of  soil  degradation  and  associated  water  quality  degradation 
has  concentrated  on  techniques  or  remedial  methods  for  the  reduction  of  soil  and 
phosphorus  losses.  To  fully  understand  this  major  environmental  concern,  the 
benefits  and  costs  of  remedial  measures  must  be  evaluated. 

It  has  been  estimated  that  soil  erosion  costs  Canada  approximately  538  million 
dollars  annually  (The  Science  Council  of  Canada,  1986).  Specifically  for  Ontario, 
Wall  and  Driver  (1982)  have  estimated  annual  costs  in  the  order  of  68  million  dollars. 
Detailed  economic  analysis  of  the  various  farm  conservation  practices  representing 
the  southern  Ontario  region  has  been  limited  to  a  few  specialized  studies.  Within 
this  group  of  economic  studies,  much  of  the  analysis  has  concentrated  on  different 
tillage  methods,  crop  rotations,  and  residue  management.  The  following  is  a 
summary  of  these  studies  including  a  brief  explanation  of  the  various  land 
conservation  practices. 

1.2  Tillage  Methods 

1.2.1  -  Conventional  Tillage 

The  most  common  practice  in  Ontario  is  fall  moldboard  plowing  followed  by  spring 
disking  once  or  twice.  During  this  tillage  sequence  the  soil  is  inverted  by  the 
moldboard  and  subsequently  shattered  into  fine  aggregates  during  disking  -  rendering 
a  soil  very  susceptible  to  water  erosion.  Conventional  tillage  typically  leaves  very 
little  or  no  surface  crop  residue. 

1.2.2  -  Conservation  Tillage 

i)  Chisel  Plowing  or  Mulch  Tillage:  Chisel  plowing  does  not  invert  the  soil,  rather 
it  breaks  the  surface  layer  into  large  aggregates  while  leaving  a  large 
proportion  of  the  previous  years  residue  on  the  soil  surface  to  decrease  soil  loss 
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and  enhance  infiltration  of  water.    It  is  usually  followed  by  disking  to  break-up 
the  very  large  soil  aggregates. 

ii)  Zero  Tillage  or  No  Till:  Crops  are  sown  directly  into  untilled  soil.  Zero  till 
planting  involves  planting  seed  into  soils  with  previous  crop  residues  left  intact. 
This  technique  provides  the  highest  level  of  protection  against  erosion  of  all 
the  soil  seed-bed  preparation  methods. 

iii)  Strip  Tillage:  is  a  method  which  minimizes  the  disturbance  of  the  soil  during 
cultivation.  Narrow  strips  of  soil  are  tilled  and  prepared  for  seed  planting. 
Wide  bands  of  untilled  soil  are  left  to  protect  the  soil  from  erosion. 

iv)  Offset  Disk:  is  a  primary  tillage  method,  during  the  fall  or  spring  (depending 
on  soil  texture)  which  leaves  approximately  50%  residue  (Young  and  Baldwin, 
1987).    It  is  usually  followed  by  secondary  tillage. 

v)  Ridge  Tillage:  is  a  method  which  moves  soil  from  inter-row  spaces  to  form 
berms  or  ridges  in  which  crops  are  planted.  This  system  is  suitable  for  row 
crops  only  (e.g.,  corn  and  soybeans). 

1.2-3  -  Secondary  Tillage 

Secondary  tillage  is  conducted  after  the  crop  is  established.  The  soil  is  ridged 
against  the  base  of  the  crop  to  provide  good  growing  conditions.  This  tillage  method 
provides  moderate  protection  against  soil  erosion. 

1.2.4  -  Relative  Degree  of  Erosion  from  Different  Tillage  Reaches 

In  terms  of  soil  erosion  and  phosphorus  loss,  conventional  tillage  renders  the  soil  in  a 
state  which  is  most  susceptible  to  increased  problems  associated  with  these  two 
processes.  Chisel  and  ridge  tillage  provide  enough  soil  protection  to  be  grouped  as 
intermediate  erosion  risk  categories,  while  strip  and  zero  tillage  provide  the  lowest 
risk  to  soil  erosion. 

1.3  Crop  Rotations 

During  the  past  twenty  years  farm  practices  have  changed  dramatically.  Due  to 
economic  conditions,  the  growing  of  monocultural  row  crops  such  as  corn  and  beans 
has  increased  substantially.    A  recent  study  by  Wall  et  al.  1986  found  that  corn  and 
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beans  were  ^own  on  60%  of  the  area  surveyed  for  the  southwestern  Ontario  region. 
These  two  crops  offer  the  least  amount  of  soil  cover  and  typically  produce  the 
highest  erosion  rates  of  any  crop.  In  addition,  these  crops  do  not  provide  much 
organic  matter  to  the  soil  after  harvest.  Therefore,  sustained  use  of  these  crops 
causes  depletion  in  soil  organic  matter  and  results  in  poor  soil  structure  and 
increased  susceptibility  to  water  and  wind  erosion. 

Other  crops,  such  as  forage  crops  and  to  a  lesser  extent  small  grain  crops  (wheat, 
barley,  oats),  have  lower  soil  losses  compared  to  corn  and  beans.  However,  these 
crops  (forage,  some  small  grains)  are  not  as  cost  effective  for  the  former  because  - 
the  return  on  investment  is  lower  when  compared  to  corn  or  beans. 

By  combining  crops  with  lower  soil  loss  potential  in  rotation  with  corn  or  beans, 
some  economies  relevant  to  a  remedial  action  for  water  quality  can  be  attained. 
The  degree  of  soil  erosion  is  decreased  enhancing  water  quality  while  the  long-term 
soil  quality  and  long-term  crop  productivity  is  enhanced  since  eroded  soil  has  some 
economic  value  (Stonehouse  et  al,  1988). 

1.4  Residual  Management 

Crop  residue  covering  a  soil  surface  is  beneficial  to  soil  and  water  degradation  in 
many  respects.  Residue  or  "trash"  on  a  freshly  tilled  soil  protects  the  soil  from 
raindrop  detachment.  The  degree  of  protection  is  almost  directly  proportional  to  the 
amount  of  crop  residue  cover,  since  much  of  the  field  soil  detachment  is  caused  by 
raindrop  impact.  By  partially  incorporating  residue  into  the  soil,  water  infiltration  is 
enhanced,  thereby  reducing  surface  runoff  and  soil  loss. 

The  reduction  in  soil  loss  has  direct  water  quality  benefits.  Between  40  and  80%  of 
phosphorus  moves  with  the  soil  particles  as  particulate  phosphorus  (Bird,  1986; 
Miller,  1982;  Miller  and  Spires,  1978).  The  residue  cover  also  interrupts  flow 
channels,  which  decreases  till  flow  velocities  thereby  decreasing  the  channelized 
water's  ability  to  erode  the  soil.  An  increase  in  residue  cover  aids  in  the  decrease  of 
both  soil  and  phosphorus  loss. 

1.5  Economic  Evaluation  of  Conservation  Practices 

In  a  recent  study  by  Zantinge  and  Stonehouse  (1986),  three  tillage  practices  were 
evaluated  as  economic  alternatives  to  conventional  tillage  in  a  monocultural  (corn) 
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production  system.  Yield  estimates  were  based  on  several  years  of  field  plot 
research  conducted  by  Vyn  et  al.  1983.  The  tillage  practices  examined  were 
conventional  tillage  (fall  moldboard  plowing,  spring  disking,  two  post-plant 
cultivation  passes  and  rotary  hoe),  reduced  tillage  (fall  moldboard,  spring  disking), 
fall  chisel  plowing  (followed  by  spring  disking)  and  zero  tillage.  Results  of  the 
economic  evaluation  are  found  in  Table  E-1. 

Crop  yields  are  the  same  for  all  the  tillage  alternatives  except  for  zero-till  where 
there  is  a  10%  reduction  in  the  yield  per  hectare.  Operational  costs  are  lower  for 
the  zero-till  alternative  due  mainly  to  lower  fuel,  maintenance,  and  labour  costs.  As 
a  result,  the  final  profit  on  the  zero-till  system  is  approximately  82%  of  the  profit 
on  the  conventional  tillage  (Table  E-1). 

Recent  improvements  to  zero  tillage  system  may  increase  crop  yield  to  levels 
similar  to  conventional  tillage,  thereby  making  it  more  attractive  to  the  farmer  to 
use.  However,  the  success  of  zero  tillage  is  somewhat  dependent  upon  other  factors 
such  as  soil  moisture  conditions  at  the  time  of  planting,  weather  conditions  etc. 

One  aspect  not  examined  by  Zantinge  and  Stonehouse  (1986)  was  the  added  cost  of 
environmental  degradation  and  associated  remedial  clean-up.  Although  there  has 
been  no  detailed  economic  analysis  of  environmental  costs,  ultimately  the  cost  of 
down  stream  residual  measures  associated  with  high  soil  loss  will  make  the  zero 
tillage  alternative  seem  more  economically  practical. 

Fall  chisel  plowing,  (Column  4,  Table  E-1)  based  on  the  Zantinge  and  Stonehouse  data 
seems  to  be  a  viable  tillage  alternative.  Profit  per  hectare  was  $410.68  for  fall 
chisel  tillage  compared  to  $416.03  for  conventional  tillage.  In  this  case,  the  chisel 
system  produced  profits  which  were  99%  of  the  conventional  system.  However,  if 
the  environmental  costs  were  figured  into  the  analysis,  the  chisel  tillage  system 
seems  even  more  viable  because  of  its  lower  erosion  potential. 

The  reduced  tillage  alternative  (Column  3,  Table  E-1)  yields  adequate  returns 
(slightly  lower  than  conventional  and  mulch)  but  will  not  provide  as  much  protection 
from  soil  and  phosphorus  loss.  Therefore,  down  stream  remedial  action  will  likely 
cost  more  than  the  zero  tillage  alternative  or  fall  chisel  tillage. 

Results  of  the  1986  Tillage  2000  corn  production  comparisons  involving  no-till  (zero- 
till)  versus  convention  tillage  (Table  E-2)  indicates  that  the  yield  of  the  two  tillage 


TABLE  E-1 

EXPECTED  PROFIT  (Canadian  $  per  ha)  OF  THE  FOUR  ALTERNATIVE  TILLAGE 

SYSTEMS  IN  A  MONOCULTURAL  (CORN)  PRODUCTION  SYSTEM^ 

Conventional  Reduced  Fall  Chiesel  ,        _.,, 

-r-M  Til  /»«   J  u\  Zero  Tillage 

Tillage  Tillage  (Mulch)  ^ 


Yield  (9-15  May  planting 

interval) 

(tha-i)^ 

6  57 

6.57 

6.57 

5,91 

Unit  price 
(Canadian  St-')'' 

159  00 

15900 

159  00 

159.00 

Gross  income 

1,044.63 

1,044.63 

1,044.63 

1,044  63 

Production  costs'^ 

62860 

639.56 

63395 

599  50 

Profit  (return  to  risk 
management) 

and 

416.03 

405  07 

410.68 

340  19 

a)  Per  Table  IV 

b)  Source;  Ontario  Ministry  of  Agriculture  and  Food  (1983,  Publication  20) 

c)  Per  Table  V 

d)  Data  from  Zantinge  and  Stonehouse  (1986) 


TABLE  E-2 


1986  Corn  Production  Comparisons,  Ontario 
(No  Tillage  and  Conventional  on  Same  Farms) 


No-Tillage 


Conventional  Tillage 


No  of  Farms 

Yield/Acre 

Preharvest  Labour  Use/Acre 


7 

114bu. 
.47  hours 


7 

113bu 

.81  hours 


Preharvest  Fuel  Cost /Acre 
Total  Preharvest  Costs/Acre 
Drying  Costs/Acre 
Total  Harvest  Costs/Acre 
Total  Costs/Acre 
Costs  per  bushel 


Yield/Acre 

Preharvest  -  Labour  Hours/Acre 

Fuel  Cost  -  Preharvest/Acre 

Cost/Bushel 


2.00 

19.72 

31.96 

77.25 

214.36 

1.88 


Dollars  per  Acre 
$ 


5.02 
35.48 
31.40 
76.59 

219  71 
1.94 


Ranges  (Low  to  High) 


100-141  bu 
29-  70  hours 
SI. 31-3. 94 
$1.70-2.02 


89-1 36  bu 

.56-1  05hrs. 

$2  99-7.17 

$1.80-2.19 


E  -  5 


methods  are  quite  similar.  The  yield  comparisons  were  based  on  field  plot  data  of 
approximately  1-10  acres  in  size.  Production  costs  are  marginally  lower  for  the  no- 
till  system  averaging  approximately  98%  of  the  conventional  till  costs.  Although 
profits  are  not  stated,  the  no-till  system  would  be  slightly  more  profitable  compared 
to  the  conventional  method  due  to  lower  labour  requirements  (see  Table  E-2).  When 
the  costs  of  down  stream  water  quality  are  factored  in,  then  the  no-till  system 
seems  considerably  better. 

Stonehouse  et  al.  (1986)  examined  tillage-crop  rotation  combinations  for  their  effect 
on  soil  loss  and  production  profits.  The  evaluation  was  based  upon  a  200  hectare 
farm  on  a  medium  textured  soil  with  slopes  of  approximately  7  percent.  Soil  erosion 
estimates  are  based  on  estimates  from  the  Universal  Soil  Loss  Equation  (U.S.L.E.). 
Crop  yields  for  the  study  were  supplied  by  T.J.  Vyn  from  the  University  of  Guelph 
and  were  based  on  averages  from  several  years  of  data.  All  production  costs  and 
profits  were  based  on  market  value  at  the  time  of  the  study  (1987)  and  were  input 
parameters  for  a  multi-period  linear  programming  economic  model. 

Tillage  techniques  studied  included  conventional  tillage,  mulch  tillage  (chisel),  and 
zero  tillage.  The  crops  examined  were  grain  corn,  soybeans,  winter  wheat  and 
alfalfa.  Of  the  combinations  of  tillage  and  crops,  ten  4-year  crop  rotations  were 
studied.  The  results  of  the  different  tillage-rotation  combinations  as  given  in 
Table  E-3.  Yields  were  assumed  to  be  the  same  each  year  over  the  4-year  period. 
The  most  profitable  combinations  were  the  corn-corn-soybeans-winter  wheat 
(underseeded  with  red  clover)  employing  either  conventional  tillage  or  mulch  tillage. 
But  these  combinations  yielded  the  fourth  and  fifth  highest  erosion  potentials 
respectively.  The  third  highest  profitable  combination,  corn-corn-soybeans  using 
conventional  tillage,  produced  the  highest  potential  soil  loss.  The  mulch  tillage 
system  with  the  same  crop  rotation  produced  net  returns  which  were  similar  but  had 
the  third  highest  erosion  potential.  The  zero-till  continuous  corn  sequence  produced 
the  lowest  erosion  potential  but  lagged  behind  in  terms  of  profitability  ranl<ing  third 
last.  The  two  rotations  employing  alfalfa  both  rank  as  the  least  profitable  but  had 
the  second  and  third  lowest  erosion  potentials. 

In  recent  study  by  Ecologistics  (1987)  the  effect  of  conservation  practices  on  the 
control  of  diffuse  source  loads  of  suspended  sediment  (SS)  and  phosphorus  (P)  were 
examined  on  a  watershed  basis  in  the  Bay  of  Quinte  area.  The  Bay  of  Quinte 
drainage  basin  has  a  total  area  of   17,500   km^   and  contains  32%   farmland.      Four 


TABLE  E-3 
Summary  of  Results  for  Short  Term  (4-Year)  Planning  Horizon 


Production  System 

Cropland 
Used 
(ha) 

Aggregate  Soil 

Erosion** 
(tonnes/4yrs) 

Cash  Flow 
(S) 

Net 

Returns 

(S) 

Net 

Return(s) 

ha/yr 

(S) 

Cv-Cv-WW 

200 

14,392(4) 

179,716 

136,924 

171 

Cm-Cm-Sm-WW 

200 

11,512(5) 

178,769 

136,801 

171 

Cv-Cv-Sv-Sv 

200 

28,616(1) 

160,626 

121,888 

152 

Cm-Cm"Sm"Sm 

200 

16,120(3) 

157,303 

119,858 

150 

Cz-Cm-Sm-Sm 

200 

11,344(6) 

144,174 

107,375 

134 

Cm-Cm-Cm-Civi 

200 

11,224(7) 

110,816 

75,562 

94 

Cv-Cv-Cv-Cv 

200 

21,304(2) 

104,938 

70,386 

88 

Cz-Cz-Cz-Cz 

200 

4,032(10) 

85,537 

54,999 

69 

Cm-C(vi-Av-A 

178 

7,176(9) 

28,870 

9,437 

13 

Cv-Cv-Av-A 

178 

7,690(8) 

28,569 

9,265 

13 

Crop 

Corn 
Soybeans 

Winter  Wheat 
Alfalfa 

(C) 
(S) 

(WW) 
(A) 

Tillage 

Conventional 
Mulch  (Chisel) 
Zero 

(V) 
(M) 
(Z) 

Ranking  of  Erosion  Rate 
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representative  sub-watersheds  of  the  drainage  basin  were  used  to  model  the  change 
in  SS  and  P  associated  with  widespread  adoption  of  conservation  practices.  The 
estimated  diffuse  loads  from  rural  sources  (farm  and  non-farm)  are  64,000  tonnes  of 
SS  and  280  tonnes  of  P  to  receiving  waters.  The  farmland  account  for  approximately 
79%  of  the  P  loads  and  65%  of  the  SS  loads  according  to  Ecologistics  (1987). 

The  model  GAMESP  was  used  for  the  Quinte  watershed  to  estimate  the  impacts  of 
implementation  of  on-farm  conservation  practices.  The  tillage  options  examined 
were  fall  conventional,  fall  chisel  and  no-till.  Five  crop  rotations  were  studied  in 
combination  with  the  tillage  systems.    The  crop  sequences  examined  were: 

Rotation 

1.  hay-hay-hay-corn-corn-grain-grain  (grain  can  be  winter  wheat  or  oats) 

2.  hay-hay-hay-corn-corn 

3.  hay-hay-hay-hay-corn-corn 

4.  corn-corn-soybeans-soybeans 

Rotations  were  implemented  for  each  sub-watershed  talcing  into  consideration  soils 
and  other  on-farm  factors  which  affect  the  adoption  of  these  conservation  practices. 

Estimates  of  SS  and  P  for  the  selected  sub-watersheds  are  found  in  Table  E-4.  In 
general,  the  data  suggest  that  a  high  proportion  of  hay  in  the  rotation  will  decrease 
phosphorus  and  sediment  loadings  to  receiving  waters  compared  to  row  crops  and 
small  grains.  In  the  only  watershed  for  which  a  cash  crop  rotation  is  evaluated 
(Murray  Hills),  the  loss  of  phosphorus  and  suspended  solides  are  larger  by 
approximately  40%  compared  to  a  rotation  which  includes  hay.  The  report  states 
that  loading  rates  will  be  reduced  by  44-54%  for  chisel  tillage  and  65%  for  no-till 
with  the  use  of  these  rotations.  However,  in  the  case  of  the  whole  drainage  basin, 
only  43%  is  cropped  therefore,  it  is  suggested  that  a  25%  reduction  in  loadings  is  the 
most  realistic  estimate  of  the  effect  of  conservation  tillage  for  the  Bay  of  Quinte 
drainage  basin. 

Based  on  1987  costing  data,  the  effect  of  implementing  these  conservation  practices 
was  examined.  Table  E-5  shows  the  on-farm  impact  of  adoption  of  the  different 
combinations  of  tillage  and  crop  rotations.  In  the  case  of  chisel  and  no-till  systems, 
per  acre  costs  include  the  purchase  of  the  necessary  tillage  equipment.  In  all  cases, 
the  adoption  of  some  form  of  conservation  practice  resulted  in  reduced  net  revenue 


TABLE  E-4 

- 

SUBWATERSHED  DELIVERY  OF  SEDIMENT  AND  PHOSPHORUS 

ASSUMING  CONSERVATION  FARMING  PRACTICES 

Delivered  Sediment 

Delivered  Phosphorus 

Site  and  Rotati 

on* 

Season 

Tonnes 

Tonnes/Ha 

Kg 

Kg/Ha 

ite  1  (Frankfort)** 

3H/2G2G 

spring 
summer 

35.1 
10.0 

0.68 
0.64 

49.2 
176 

1.0 
0.3 

annual 

1239 

794 

1352 

2.6 

3H/2C 

spring 
summer 

28.0 
7.3 

1  79 
0.47 

41.1 
13.8 

0.8 
0.3 

annual 

101.9 

6.53 

115.9 

2.2 

ite  2  (Belleville)** 

3H/2C/2G 

spring 
summer 

20.3 
5.9 

0.1 
<0.1 

40.4 
15.2 

0.2 

0.1 

annual 

72.4 

0.4 

1126 

0.6 

3H/2C 

spring 
summer 

16.4 
4.5 

0.1 
<0.1 

•    34.2 
12.2 

0.2 

0.1 

annual 

60.2 

0.3 

976 

0.5 

ite  3  (Murray  Hills)** 

3H/2C 

spring 

241.4 

1.4 

261  6 

1.5 

summer 

4.5 

0.3 

92  2 

0.5 

annual 

60.2 

5.1 

271  3 

4.8 

2C/2B 

spring 

323.4 

1.8 

325  2 

1.9 

summer 

84.3 

0.6 

148.1 

08 

annual 

1,452.4 

8.3 

1,183  2 

6.7 

ite  4  (Cold  Creek)** 

3H/2C/2G 

spring 
summer 

143.4 
84.3 

1.4 
0.8 

168  5 
107.1 

1.6 
1.0 

annual 

913.4 

8.6 

767  3 

7.3 

3H/2C 

spring 
summer 

1  12.4 
60.4 

1.1 
0.6 

139,0 
823 

1.3 
0.8 

annual 

742  2 

7.0 

641.0 

6.1 

4H/2C 

spring 
summer 

922 

50  7 

0.9 
0.5 

118.9 
71  8 

1.1 
0.7 

annual 

606  8 

5.7                        538  9         1 

5.1 

Hay 

(^)                                                             **        Name  of  subwatershed  evalua 

ted 

Corn 

(C) 

Small  Greens 

(G;  e.g.,  oats,  winter  wheat,  barley) 

Soybeans 

(B) 

TABLE  E-5 
NET  ECONOMIC  ON-FARM  IMPACT  OF  CONSERVATON  PRACTICE 


Rotation 

Average  Annual  Net  Crop  Revenue 
Per  Acre  Over  the  Rotation 

Farm  Level  Impact2 

of  Adoption  of 

Conservation 

System 

(S) 

Fall  Moldboard 
($) 

Fain  Chisel 
(S) 

No-Till 
(S) 

3H/2C/2G 

(G  =  oats) 

3H/2C/2G 

(G  =  winter  wheat) 

3H/2C 

4H/2C 

2C/2B 

4 

9 
9 

10 
40 

0 

5 
4 
6 

15 

400/year 

400/year 

500/year 

400/year 

5,000/year 

NOTE. 

1. 


Different  yield  impact  assumptions  for  sandy  loam,  silt  loam  and  clay  loam  soils  had  a  negligible  impact 
on  net  revenues. 

Assumes  100  acres  of  crop  land  for  farm  with  a  sod  rotation  and  200  acres  for  a  cash  crop  operation 
Estimated  as  cropland  area  times  the  change  in  net  revenue. 


Hay 

(H) 

Corn 

(C) 

Small  Greens 

(G;  e.g.,  oats,  winter  wheat,  barley) 

Soybeans 

(B) 
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to  the  farmer.  The  crop  rotations  represent  a  net  cost  of  between  S400-500  per  acre 
for  all  rotations  except  the  corn-corn-soybeans-soybeans  rotation  which  represented 
a  cost  of  $5,000  per  acre.  However,  the  report  also  states  that  the  continued  use 
and  refining  of  the  tillage  methods  and  other  inputs  (pesticides,  herbicides, 
fertilizers)  should  result  in  better  yields  and  cheaper  input  costs.  In  addition,  the 
report  notes  that  experience  in  Southwestern  Ontario  with  the  continued  use  of  no- 
till  may  actually  increase  farm  revenue  by  approximately  S22  per  acre.  The  report 
did  not  address  the  cost  of  remedial  action  for  clean-up  of  phosphorus  in  the  river 
and  lake  systems. 

1.6  Selection  of  Economic  Data  for  Hamilton  Habour  Assessment 

Based  on  the  data  presented  here,  some  of  the  more  practical  methods  for 
controlling  soil  erosion  are  not  too  profitable  when  compared  to  conventional  tillage 
(strictly  based  on  the  farm  scenario).  However,  with  improvements  in  combination 
of  tillage,  rotation  and  other  factors  affecting  soil  erosion,  the  future  may  prove 
these  conservation  methods.  Certainly  the  Tillage  2000  data  substantiates  this 
statement,  but  more  research  is  needed  in  this  area  to  truly  understand  all  the  costs 
and  benefits  of  the  various  conservation  practices.  With  further  work  in  this  area, 
especially  the  cost  of  remedial  action  for  rivers,  streams  and  lakes  a  greater 
understanding  will  clarify  what  remedial  measures  are  necessary  for  a  particular 
geographic  area. 
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APPENDIX  F 
ESTIMATION  OF  SELF-SUSTAINING  FISHERY 

A.       Estimate  of  Effect  of  Restorative  Action  on  Fish  Yield 

1.  Cootes  Paradise 

a)  Back  Two  Cells 

•  Back  two  cells,  of  area  60  ha,  have  30%  (18  ha)  optimized  for  hatching 
and  an  additional  one  third  (20  ha)  available  for  nursing/ adult  habitat. 

•  Literature  suggests  300-1000  fingerlings  of  Pike  can  be  produced  per 
acre.  Assuming  500  fingerlings/acre,  gives  20,000  fingerlings  per 
year. 

•  Of  existing  marsh  area  of  38  ha,  assume  20  ha  is  potential  adult 
habitat. 

•  Assuming  20  ha  of  optimum  habitat  for  adult  pike  in  the  two  cells  plus 
20  ha  existing  marsh  at  13  kg/ha/yr  gives  a  yield  of  520  kg  Pike/yr. 

•  Hence,  an  order  of  magnitude  estimate  is  100-500  kg  Pike/yr. 

b)  Front  Two  Cells 

•  For  front  two  cells  of  Cootes  of  area  90  ha,  assume  about  50%  (50  ha) 
would  be  developed  as  optimum  bass  habitat. 

•  Using  the  same  assumption  as  for  Pike  that  50%  of  existing  marsh  (20 
ha)  is  optimum  bass  habitat,  the  total  habitat  area  is  70  ha.  For  a 
bass  yield  of  30  kg/ha/yr.,  the  total  yield  is  2100  kg  Bass/yr. 

•  Hence,  the  order  of  magnitude  estimate  is  400-2000  kg  Bass/yr. 

2.  Grindstone  Creek  Upper  Waters  (i.e.,  above  Harbour  Water  Levels) 
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•  The  area  of  plants  and  total  area  of  each  pond  are  estimated  as  follows: 

Sunfish  Pond  0.3  ha  of  3.2  ha 

Elbow  to  #2  Hwy.  0.7  ha  of  9.3  ha 

Above  #2  Hwy.  3.7  ha  of  6.0  ha 

•  The  following  habitat  restoration  is  assumed: 

>  Sunfish  Pond:  Construction  of  a  berm  at  the  front  end  to  deflect 
waves  plus  grading  and  planting  will  give  plants  suitable  for  Pike 
spawning  in  3096  of  the  area. 

>  Elbow  to  #2  Hwy.:  Grading  and  planting  will  increase  Pike  spawning 
area  from  0  to  3096  of  area. 

>  Pond  above  #2  Hwy.:  By  removing  walkway  to  minimize  human 
intrusion,  this  will  increase  existing  pike  spawning  area  from  3.7  ha  to 

.     4  ha. 

>  The  net  effect  of  these  measures  is  an  increase  of  Pike  spawning  area 
from  4.7  ha  to  7  ha.  For  a  value  of  500  fingerlings  per  acre,  the 
increase  in  fingerling  yield  is  from  approximately  2000  to 
approximately  4000  fingerlings. 

Perimeter  Road 

•  Assume  that  10%  of  the  littoral  area  currently  has  rubble,  etc.,  which  is 
optimum  fish  habitat  for  adult  Pike  and  Bass.. 

•  Assume  that   full  area  to  3.5   m  depth   would  be  developed   for  ideal   fish 
habitat  giving  24  ha  potential  habitat. 

•  Light  penetration  effects  are  given  below  in  Section  C.    The  net  effect  of 
light  penetration  is  as  follows: 

Present  Conditions:  Bass:  .27  x  30  kg/ha  x  24  =  195  kg/yr 

Pike:  .27  x  13  kg/ha  x  24  =  84  kg/yr 

Option  9  Bass:  .40  x  30  kg/ha  x  24  =  288  kg/yr 


F-  3 


Pike:  .40  x  13  kg/ha  x  24  =  115  kg/yr 

Option  14  Bass:  .5  x  30  kg/ha  x  24  =  600  kg/yr 

Pike:  .5  x  13  kg/ha  x  24  =  150  kg/yr 

Note  the  values  of  .27,  .4,  and  .5  are  the  percent  of  the  potential  habitat  that 
light  would  allow  macrophyte  development. 

4.  Lax  Property 

•  Make  similar  assumptions  for  Perimeter  Road,  except  full  enhancement  is 
to  3.5  m  depth  for  60%  of  the  property  with  no  enhancement  for  40%  of 
property  due  to  concrete  walls  etc.  Therefore,  restored  area  =  (0.6)(19)  = 
11  ha. 

•  Light  Penetration  Effect: 

Present  Conditions:  Bass:  .27  x  30  kg/ha  x  11  =  89  kg/yr 

Pike:  .27  x  13  kg/ha  x  11  =  39  kg/yr 

Option  9  Bass:  .40  x  30  kg/ha  x  11  =  132  kg/yr 

Pike:  .40  x  13  kg/ha  x  11  =  57  kg/yr 

Option  14  ,       Bass:  .5  x  30  kg/ha  x  11  =  165  kg/yr 

Pike:  .5  x  13  kg/ha  x  11  =  72  kg/yr 

5.  North  Shore  Burlington 

•  Existing  optimum  habitat  of  4  ha  is  assumed  for  Lasalle  Marina  area. 

•  Construction  of  artificial  reefs  and  bush  bundles  gives  approximately  1  ha 
each  of  optimum  habitat;  12  artificial  reefs  give  12  ha  optimum  habitat. 

•  Remainder  of  North  Shore  to  3.5  m  depth  of  126  ha  is  subject  to  light 
effect. 

•  Hence,  effects  of  light  penetration  on  yield  are  as  follows: 

Optimum  Habitat:  Bass:  16  ha  x  30  kg/ha  =  480  kg/yr 

Pike:  16  ha  x  13  kg/ha  =  208  kg/yr 
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Light  Effects: 

Present  Conditions:  Bass:  .27  x  .4  x  30  x  126  =  405 

Pike:  .27  x  .4  x  13  x  126  =  180 

Option  9  Bass:  .40  x  .4  x  30  x  126  =  605 

Pike:  .40  x  .4  x  13  x  126  =  260 

Option  14  Bass:  .5  x  .4  x  30  x  126  =  750 

Pike:  .5  x  .4  x  13  x  126  =  330 


6.        Grindstone  Delta 


Based  on  island  construction,  it  is  assumed  that  5%  of  the  total  area  would 
be  potential  pike  hatching  area  and  30%  of  the  total  area  would  be  potential 
nursing  and  adult  habitat  area  for  pike  and  potential  hatching  and  adult 
habitat  for  Bass. 

This  leads  to: 

►  500  fingerlings/acre  =  2500  fingerlings 

►  Bass:    0.4  x  30  x  14  ha  =  170  kg/yr 

►  Pike:    0.4  x  13  x  14  ha  =  73  kg/yr 


Summary 
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Light  Independent  Yield  (kq/yr) 


Grindstone 
Upper  Water 

Perimeter  Road 

Lax  Property 

N. Shore 
Burlington 

Grindstone  Delta 

Total 


Pike  Finqerlinqs 


20.000 
4,00 


2,500 
27,000 


Light  Independent 
Yield  (kq/yr) 

Pike  Bass 

520  2,100 


Option  9 


Option  Id 


Pike  Bass  Pike  Bass  Pike  Bass 


- 

~ 

84 
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115 

288 
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600 

- 

-- 

39 

59 

57 

132 

72 

165 

208 

480 

180 

405 

260 

605 

330 

750 

73 

170 

-- 

-- 

- 

800 

2,750 

303 

689 

432 

1,025 

558 

1,51! 

B.      Estimation  of  Composite  Yield  for  fish  Based  Upon  Existing  Effects  of  Light 
and  Waves  to  2  m  Depth  (V.  Cairns,  personal  communication) 


Fractions  of 

Composite 

Description  of 

Area  of  Occupied 

Percent  of 

Yield 

Macrophyte  Density 

By  Density  Class 

Maximum  Yield 

(%  of  Maximum 

(a) 

(b) 

(c) 

(d)** 

Dense 

08 

30 

2.4 

Heavy 

.16 

50 

8 

Optimum 

-* 

100 

- 

Moderate 

23 

75 

17.3 

Sparse 

38 

33 

12.5 

Absent 

.15 

0 

0 

average  composite 

yield  of  bass  or  pike 

40 

Not  classified  m  assessment. 


Column  (d)  =  column  (b)  x  column  (c) 
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C.       Light  Effects  Due  to  Options  1  to   16  of  Eutrophication  Remedial  Action 
Scenario  (Section  3.4.7.) 

•  From  the  cost  effective  curves  for  complete  control  of  point  source/non-point 
source  control,  there  are  three  points  on  the  curve  where  substantial  changes  in 
light  penetration  occur.    They  are: 

»  The  initial  depth  of  light  penetration  (with  no  control) 

►  The   first  substantive   change   at   Option   9:      Hamilton-Wentworth   Sewage 
Treatment  Plant  Sand  Filters 

►  The  next  substantive  change  at  Option  14:     Retention  Basins  for  Combined 
Sewers  Overflows  Control 

•  The  corresponding  96  of  habitat  and  cumulative  annual  costs  are: 

Point  % 

on  Curve  Habitat  Cumulative  Cost 

Initial:  25-30% 

Option  9:  35-45%  9.5  million  (20  yr  Amortization) 

Option  14:  45-55%  19.6  million  (10  yr  Amoritization) 
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APPENDIX  G 
FRAMEWORK  FOR  ASSESSMENT  OF  ECONOMIC  CONSEQUENCES 

Introduction 

In  this  section  we  discuss  two  distinct  approaclies  to  measuring  the  economic  effects 
resulting  from  any  given  investment.  These  approaches  are  consistent  with  the 
economic  framework  outlined  in  the  Terms  of  Reference  for  this  study. 

One  approach  used  to  measure  the  economic  effects  of  increased  recrea-  tional 
activity  is  to  measure  the  "welfare"  or  "economic  value"  benefits  which  accrue  to  the 
participants  from  engaging  in,  or  knowing  that  they  could  engage  in,  the  activity  or 
activities.  The  second  approach  involves  measuring  the  "economic  impacts"  arising 
from  expenditures  made  in  implementing  the  Remedial  Action  Plans  (RAP)  and  in 
connection  with  the  increased  recreational  activity  which  occurs  as  a  result  of  its 
implementation.    The  two  approaches  are  described  schematically  in  Exhibit  G-1. 

In  the  case  of  both  economic  impacts  and  economic  value  analysis,  it  is  necessary  to 
distinguish  the  geographical  area  for  which  effects  are  to  be  calculated.  In  the  case  of 
economic  value  analysis,  only  the  increased  welfare  accruing  to  residents  of  the  target 
area  is  relevant.  In  the  case  of  economic  impact  analysis,  expenditures  which  give  rise 
to  increased  income  and  employment  within  the  target  area  are  relevant;  those  which 
give  rise  to  increased  income  and  employment  outside  the  area  are  not. 

Analysis  of  Economic  Value 

Any  given  investment  gives  rise  to  a  change  in  the  selection  and/or  price  of  goods  and 
services  which  are  available  to,  or  externalities  which  are  imposed  on,  consumers.  In 
the  case  of  investment  in  pollution  control  measures  in  Hamilton  Harbour,  the  "goods" 
created  are  cleaner  water  and  any  activities  which  are  made  possible  or  are  enhanced 
by  the  change  in  water  conditions.  The  economic  value  of  these  goods  is  the  difference 
between  the  full  value  of  the  good  or  activity  (the  maximum  price  or  amount  of 
expenditures  that  individuals  would  pay  for  the  good  or  activity)  and  the  price  or 
expenditures  actually  incurred  by  these  individuals  in  "consuming"  the  good  or 
participating  in  the  activity.  The  concept  of  economic  value  is  illustrated  in  Exhibit 
G-2. 


EXHIBIT  G-l 

FRAMEWORK   FOR   ASSESSING   ECONOMIC   EFFECTS 


-►  Investment  in  Remedial  Action   Plan 
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with  improved  water  quality 
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The  Exhibit  shows  the  situation  for  a  traditional  market-traded  good.  The  demand 
curve  (ABC)  is  a  schedule  which  shows  the  relationship  between  various  prices  of  the 
commodity  and  the  corresponding  quantities  of  the  commodity  desired  at  that  price.  A 
demand  curve  can  in  principle  be  developed  for  both  individuals  and  the  total  market. 
(The  market  demand  curve  is  derived  by  aggregating  individual  demand  curves). 

For  traditional  goods,  the  demand  curve,  if  plotted,  will  slope  downward  to  the  right 
such  as  the  straight-line  demand  curve  pictured  in  this  Exhibit. 

In  general,  demand  curves  are  in  fact  curved  and  may  be  relatively  flat  or  steep, 
reflecting  demand  characteristics  relevant  to  the  specific  commodity.  The  downward 
sloping  shape  merely  indicates  that  as  the  price  per  unit  of  the  good  increases,  the 
quantity  demanded  decreases.  Put  another  way,  the  "marginal  value"  of  additional 
units  of  a  commodity  are  decreasing;  the  consumer  is  not  willing  to  pay  as  high  a  price 
per  unit  for  "Q"  units  than  he  is  for  a  lesser  quantity  (say,  "Q"'  units)  of  the  commodity. 

The  supply  curve  shown  in  Exhibit  G-2  slopes  upward  to  the  right,  indicating  that  as  the 
price  of  the  good  increases,  the  quantity  produced  also  increases.  The  point  of 
intersection  between  the  supply  and  demand  curves  indicates  the  quantity  at  which  the 
marginal  cost  of  production  (for  the  producer)  equals  the  marginal  value  in  use  (for  the 
consumer).  At  this  point  of  equilibrium,  the  price  for  the  commodity  is  determined  as 
"P". 

The  total  amount  which  consumers  must  pay  for  "Q"  units  of  the  commodity  is 
indicated  by  the  area  POQB.  However,  collectively  individuals  would  be  willing  to  pay 
a  price  higher  than  "P"  for  fewer  than  "Q"  units.  Thus,  individuals'  total  willingness  to 
pay  is  represented  by  the  area  AOQB.  The  difference  between  these  two  quantities  - 
that  is,  the  value  of  the  area  APB  -  is  called  "consumer  surplus"  or  "net  willingness  to 
pay"  and  represents  the  "economic  value"  of  the  good  in  question.*  It  is  this 
measurement  of  value  which  is  consistent  with  the  concept  of  "benefit"  as  used  in 
benefit-cost  analysis. 

In  practice,  of  course,  demand  curves  for  particular  commodities  are  not  directly 
observable.    They  can,  however,  be  approximated  with  reference  to  the  way  in  which 

Conversely,  for  an  upward  sloping  supply  curve  such  as  that  shown  in  Exhibit  G-2, 
producers  would  be  willing  to  accept  a  lower  price  for  selling  fewer  than  "Q"  units  of 
the  commodity.  Thus,  "producer  surplus"  or  "economic  rent"  is  represented  by  the 
area  POB. 


EXHIBIT  G-2 

THE  CONCEPT  OF  ECONOMIC  VALUE  -  CONSUMER  SURPLUS 
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the  quantity  demanded  changes  in  response  to  changes  in  its  price.  This  is  usually 
relatively  easy  to  determine  based  on  past  experience  or  on  observed  consumer 
behaviour  relative  to  a  similar  good.  Once  known,  the  demand  curve  for  the 
commodity  can  be  determined.  Total  consumer  surplus,  or  the  change  in  consumer 
surplus,  can  then  be  calculated  geometrically. 

Analysis  of  Economic  Impacts 

Economic  impact  analysis  mal<es  no  reference  to  the  welfare  which  is  generated  by 
consumption  of  goods  or  services,  but  is  essentially  an  analysis  of  the  expenditures 
made  in  connection  with  given  activities,  and  of  the  impacts  in  terms  of  income  and 
employment  accruing  within  the  target  area  as  a  result  of  these  expenditures.  The 
process  by  which  these  increases  occur  (using  sportfishing  as  an  example)  is  as  follows. 

Expenditures  are  made  on  goods  and  services  related  to  recreational  fishing.  Increased 
demand  for  these  goods  and  services  results  in  an  increase  in  their  production  and, 
hence,  in  the  amount  of  inputs  used  in  their  production.  Some  of  these  "inputs"  are 
labour;  an  increase  in  the  use  of  labour  translates  into  an  increase  in  employment  and 
income  for  the  workers  affected.  Other  inputs  used  in  the  production  of  the 
recreational  goods  and  services  are  materials;  they,  in  turn,  require  increased  pro- 
duction and  result  in  additional  employment  and  income  to  workers.  Eventually,  all  of 
the  expenditures  made  in  connection  with  the  recreational  activity  -  both  directly  and 
indirectly  -  translate  into  increases  in  income  either  in  the  form  of  profits,  payments 
to  labour,  or  taxes.  Finally,  recipients  of  the  income  spend  part  or  all  of  the  proceeds 
and  these  expenditures  reverberate  through  the  economy  with  further  employment  and 
income  effects. 

Not  all  of  the  employment  and  income  effects  are  retained  within  the  targeted 
geographical  area.  Some  of  the  expenditures  will  be  made  on  labour  and  on  goods  and 
services  produced  partially  or  wholly  outside  the  area.  The  larger  and  more  diverse  the 
area  in  question,  the  smaller  these  "leakages"  will  be. 

The  amount  of  employment  and  income  retained  by  the  target  area  represents  the 
economic  impact  of  the  initial  investment.  These  effects  are  generally  calculated  by 
way  of  "multipliers"  which  relate  the  final  increases  in  employment  and  income  to  the 
initial  direct  expenditures.  For  example,  if  the  income  multiplier  from  sportfishing 
were  1.2,  final  total  income  accruing  to  residents  of  the  target  area  would  be  equal  to 
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1.2  times  the  initial  expenditures  made  on  the  recreational  activity.  Employment 
multipliers,  estimating  the  number  of  jobs  or  person-years  of  employment  created  per 
unit  of  initial  expenditure,  can  be  used  to  calculate  the  final  employment  effects 
within  the  target  area. 

Generally,  the  methodology  for  economic  impact  analysis  is  relatively  straightforward. 
However,  some  qualifications  may  be  in  order  regarding  the  calculations  which  result. 
In  particular,  economic  impacts  are  not  always  incremental.  If,  in  the  absence  of  the 
expenditure  on  sportfishing,  an  equal  amount  of  expenditure  would  have  been  made  on 
other  goods  or  activities  giving  rise  to  similar  income  and  employment  effects  in  the 
target  area,  the  net  economic  impact  is  zero  or  close  to  zero.  For  example,  assume 
that  the  alternative  to  fishing  currently  is  going  to  a  local  bowling  alley.  With  the 
improvement  in  water  quality,  the  hypothetical  resident  stops  bowling  and  goes  fishing 
instead.  Both  activities  generate  expenditures  within  the  target  area  and  the  net 
economic  impact  of  the  fishing  expenditures  may  be  zero  or  even  negative.  On  the 
other  hand,  if  the  alternative  to  fishing  is  staying  at  home  or  fishing  in  the  Muskokas, 
diversion  from  these  activities  to  fishing  in  Hamilton  Harbour  results  in  positive  net 
impacts  within  the  target  area.  However,  data  are  seldom  available  on  substitute 
activities  and  thus,  economic  impacts  are  generally  all  assumed  to  be  incremental. 
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APPENDIX  H 
DESCRIPTION  OF  BENEFIT-COST  ANALYSIS 

Introduction 

This  section  explains  the  theory  of  benefit-cost  analysis  with  reference  to  investment 
in  pollution  control.  It  also  describes  types  of  benefits  associated  with  improvements 
in  environmental  conditions  and  methods  for  valuing  these  benefits. 

What  is  Benefit  Cost  Analysis? 

Benefit-cost  analysis  is  essentially  an  extension  of  private  profitability,  analysis. 
However,  instead  of  assessing  only  the  monetary  impacts  of  an  investment  project  on 
the  private  investor,  benefit-cost  analysis  seeks  to.  evaluate  all  relevant  social  costs 
and  benefits  within  the  target  area.  The  benefits  in  benefit-cost  analysis  correspond  to 
the  concept  of  economic  value  discussed  in  the  previous  chapter.  There  may  be 
disbenefits  as  well  -  anticipated  or  unintended  -  associated  with  the  investment  under 
consideration. 

Benefit-cost  analysis  is  intended  to  maximize  "allocative  efficiency"  -  that  is,  to 
maximize  the  net  benefits  to  society  resulting  from  the  use  of  its  resources  as  inputs 
to  the  production  and  consumption  of  goods  and.  services.  The  goal  of  the  current 
study  is  to  select  the  RAP  which  maximizes  the  net  social  benefit  to  residents  of  the 
Regional  Municipality  of  Hamilton-Wentworth  and  the  City  of  Burlington.  The 
conceptual  framework  for  achieving  this  is  described  in  the  following  paragraphs  and  in 
Exhibit  H-1. 

As  shown  in  Exhibit  H-1,  a  control  measure  results  in  a  change  in  water  quality  as 
measured  by  a  reduction  in  certain  pollutants.  An  "abatement  cost  function"  relates 
the  reduction  in  specific  pollutants  to  the  cost  of  the.  alternative  control  measures.  It 
represents,  in  functional  form,  the  minimum  cost  for  achieving  a  given  level  of 
abatement  of  a  specific  pollutant. 

In  principle,  the  abatement  cost  function  is  developed  by  considering  all.  possible 
abatement  strategies  and  selecting  only  those  which  give  the  most  cost-effective 
approach  to  any  given  level  of  abatement.  This  approach  is  complicated  by  the  fact 
that  the  cost  of  achieving  a  given  level  of  abatement  of  any  one  pollutant  depends  on 
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the  levels  of  abatement  which  have  already  been  selected  for  other  pollutants. 
However,  abatement  cost  functions  can  readily  be  developed  for  reduction  in  individual 
pollutant  loadings  from  each  source,  and  in  many  cases,  can  be  developed  for  the  range 
or  group  of  pollutants  which  are  critical  to  a  particular  restored  use  of  the.  Harbour. 
For  any  selected  level  of  abatement,  a  cost  is  incurred  which,  appropriately  valued, 
enters  the  benefit-cost  analysis.    This  is  shown  on  the  left-hand  side  of  Exhibit  H-1. 

The  change  in  water  quality  which  arises  in  connection  with  the  abatement  measure 
affects  the  type  and  amount  of  use  of  the  water.  For  example,  reductions  in 
phosphorous  may  result  in  increases  in  preferred  fish  species  and,  therefore,  in  fishing 
activity.  Measures  which  reduce  coli-form  counts  may  permit  swimming.  Other  things 
being  equal,  the  abatement  expenditure,  determining  the  level  of  abatement, 
influences  the  type  and  level  of  water  usage.  This  usage  change,  once  properly  valued 
within  the  benefit-cost  framework,  is  the  major  net  benefit  associated  with  the  RAP. 

In  effect,  we  can  repeat  this  analysis  over  the  various  types  of  pollutants,  with  their 
associated  abatement  cost  functions  and  aggregate  the  results..  This  provides  an 
estimated  total  net  benefit  of  a  RAP. 

Perhaps  the  net  social  benefit  can  be  increased  by  adjusting  the  aggregate,  expenditure 
on  abatement  or  by  changing  the  mix  among  various  pollutants,  targeted  and  associated 
abatement  strategies.  Economists  have  identified  the  conditions  under  which  such 
maximization  would  occur;  in  simplified,  form,  they  are  at  the  point  at  which  the 
marginal  costs  of  additional  abatement  would  equal  the  social  valuation  of  marginal 
increases  in  usage  and.  other  benefits  associated  with  the  same  levels  of  abatement. 

It  should  be  emphasized  that  the  above  description  pertains  to  the  ideal  conceptual 
framewortc.  Due  to  limited  data  and  resources,  it  has  not  been  possible  to  adhere  to 
this  "ideal"  framework  at  every  step  in  this  study.  Instead,  the  framework  is  outlined 
and  quantified  where  possible;  although  the  analysis  is  undertaken  with  the  "ideal" 
conceptual  framework  in  mind,  the  process  is  not  as  exhaustive  as  described  above.  As 
such,  this  study  constitutes  a  benefit-cost  "framework"  or  "assessment"  rather  than  a 
benefit-cost  analysis  per  se.  (For  detailed  descriptions  of  benefit-cost  analysis  and 
assessment,  see  References  #2  and  #31  in  Appendix  L.) 
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Appropriate  Valuation  of  Costs  and  Benefits 

If  the  benefit-cost  assessment  is  to  provide  a  guide  to  optional  resource  allocation,  it  is 
necessary  that  all  costs  and  benefits  be  valued  at  their  opportunity  costs  -  that  is,  the 
value  of  the  foregone  opportunities  associated  with  choosing  one  activity  over  another. 
If  market  prices  are  used  to  calculate  costs  and  benefits,  it  is  necessary  that  they 
reflect  the  true  social  value  of  the  goods  or  activities  concerned.  Future  costs  and 
benefits  must  be  discounted  at  the  "social"  rate  of  discount.  In  the  case  of  natural 
resources  such  as  water,  the  opportunity  cost  includes  the  impacts  or  consequences  of 
current  use  on  the  availability  and  quality  of  future  supplies. 

In  many  cases,  the  valuation  of  costs  and  benefits  can  be  made  straight-forwardly  by 
reference  to  the  marl<et  price  of  similar  goods  and  services.  In  the  absence  of  market 
imperfections,  these  prices  represent  the  "opportunity  costs"  of  the  goods  and  services. 
Use  of  market  prices  is  appropriate  when  valuing  the  cost  of  pollution  abatement 
measures.  These  estimates  were  developed  in  the  Phase  3  report  and  include  the  cost, 
in  a  typical  year,  of  all  labour  and  materials  used  in  conjunction  with  the  capital, 
operating  and  maintenance  costs  of  the  control  measures. 

Valuation  of  the  benefits  is  not  as  straightforward  as  the  valuation  of  costs.  The 
"good"  which  is  produced  by  pollution  abatement  in  Hamilton  Harbour  is  cleaner  water. 
Since  water  is  not  traded  on  a  market,  there  is  no  price  attached  to  it,  and  certainly  no 
way  of  determining  by  reference  to  the  market,  what  the  increase  in  value  of  water  in 
Hamilton  Harbour  might  be  as  a  result  of  making  it  cleaner.  However,  it  is  clear  that 
there  is  a  "disbenefit"  attached  to  having  water  of  unacceptable  quality  in  Hamilton 
Harbour  and,  conversely,  a  value  attached  to  making  it  cleaner. 

A  number  of  studies  have  been  done  in  the  United  States  initially,  and  in  Canada  more 
recently,  which  attempt  to  evaluate  changes  in  water  quality  including  the  value  of 
associated  recreational  activities.  Collectively,  these  studies  have  identified  four 
types  of  economic  value  benefits  associated  with  changes  in  water  quality: 

•  Use  Value  -  The  value  attached  to  actually  using  the  cleaner  water,  for  instance, 

for  a  recreational  activity  such  as  sportfishing.  In  this  case,  use  value  would 
accrue  both  to  all  "new"  anglers  in  the  Harbour,  and  also  to  those  who  fished  in 
the    Harbour   before    the    improvement    in    water   quality    but    who    gain    more 
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satisfaction   from   the   fishing  experience   now   because  of   the    improved   condi- 
tions. 

•  Option  Value  -  An  "insurance"  value  which  individuals,  whether  or  not  they  use 
the  water  directly,  attach  to  pre-  serving  or  creating  the  option  to  use  it  at  some 
point  in  the  future.  The  first  attempts  to  actually  measure  option  value  have 
been  fairly  recent,  but  because  they  suggest  that  option  values  may  be  quite 
large  even  for  resources  which  are  not  unique,  there  is  considerable  interest  in 
this  concept. 

•  Existence  Value  -  The  value  that  individuals  place  on  simply  knowing  that  water 
is  cleaner  and  that  recreational  opportunities  exist  which  formerly  did  not  or 
which  form-  erly  were  not  enjoyable  to  the  same  extent,  even  if  the  individuals 
do  not  expect  ever  to  use  the  water  directly. 

•  Bequest  Value  -  The  value  individuals  place  on  being  able  to  pass  on  to  future 
generations  better  environmental  conditions. 

The  last  three  values  are  termed  "non-use"  values  because  they  do  not  relate  to  current 
use  of  the  water  resource.  Alternatively,  they  may  be  called  "intrinsic", 
"preservation",  or  "amenity"  values. 

Application  of  the  Theory  of  Consumer  Surplus  to  Cleaner  Water 

Controlling  pollution  in  Hamilton  Harbour  gives  rise  to  use  and  non-use  values.  Simply 
knowing  that  the  water  is  of  acceptable  quality  confers  a  benefit  to  residents  of  the 
area  in  the  form  of  existence  and  bequest  values.  Creation  of  particular  water 
conditions  makes  possible  certain  activities  which  were  not  formerly  possible,  or  were 
not  enjoyable  to  the  same  extent,  thereby  generating  use  and  option  values.  However, 
these  values  may  not  be  quantified  by  reference  to  market  prices.  Neither  cleaner 
water  nor  recreational  activities  are  traded  on  the  market  and  even  if  they  were,  their 
prices  would  be  useful  only  in  estimating  use  values.  However,  the  concept  of  consumer 
surplus  is  still  applicable.  It  must  simply  be  measured  by  methods  which  do  not  make 
reference  to  market  prices.  The  stakeholders  have  focused  this  study  on  recreational 
fishing  as  a  major  goal  of  pollution  control  measures  in  the  Harbour.  The  remainder  of 
this  discussion,  therefore,  uses  recreational  fishing  as  an  example  of  how  to  quantify 
the  benefits  associated  with  a  non-market  traded  good. 
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Hypothetical  supply  and  demand  curves  for  recreational  fishing  are  shown  in  Exhibit 
H-2.  There  is  no  explicit  price  attached  to  recreational  fishing  which  accurately 
represents  its  social  value;  however,  there  is  an  amount  which  individuals  are  willing  to 
pay  in  order  to  pursue  the  activity.  This  is  represented  by  the  vertical  axis.  As  in  the 
case  of  a  traditional  market  good,  the  willingness  to  pay  decreases  as  the  level  of  the 
activity  increases,  resulting  in  a  downward  sloping  demand  curve. 

The  shape  of  the  supply  curve  is  not  clear.  It  has  been  suggested  by  a  number  of 
authors  that  the  consumers  and  producers  of  the  activity  are  the  same  people  (see 
References  #4  and  #32).  The  consumer  undertakes  recreational  fishing  and,  therefore, 
supplies  it  to  himself.  The  supply  curve  may  be  perfectly  elastic  (see  References  #17 
and  #33)  -  that  is,  flat  -  or  it  may  slope  upward  to  the  right. 

Assume  that  control  measures  are  implemented  which  have  the  effect  of  improving 
fishing  conditions.  The  result  is  that  the  amount  of  fishing  undertaken  is  greater  for 
any  given  "price"  such  that  the  demand  curve  shifts  from  Do  to  D'.  In  this  case, 
assuming  the  supply  curve  is  fixed  at  So,  consumer  surplus  is  increased  by  an  amount 
equal  to  the  area  EABF. 

Alternately,  the  improvement  in  water  quality  can  be  viewed  as  reducing  the 
expenditures  which  anglers  must  make  in  order  to  obtain  a  given  quality  of  fishing  (see 
Reference  #33).  For  example,  anglers  who  formerly  fished  in  the  Muskokas  may  now 
find  the  same  quality  of  fishing  in  the  Harbour  and  at  much  lower  travelling  cost. 
Thus,  the  supply  curve  has,  in  effect,  shifted  down.  In  this  case,  assuming  the  demand 
curve  is  fixed  at  Do,  the  change  in  consumer  surplus  is  represented  by  the  area  PHJB. 

The  problem  still  remains,  however,  of  how  to  quantify  the  consumer  surplus.  This  is 
discussed  in  the  following  section. 

Methods  of  Quantifying  Consumer  Surplus 

There  are  a  number  of  methods  which  can  be  used  in  quantifying  the  economic  value  or 
consumer  surplus  associated  with  recreational  activities  resulting  from  improvements 
in  water  quality.  (These  methods  are  described  in  detail  in  a  number  of  sources  listed 
in  Appendix  L  including  Reference  #1,  #2,  #5,  #25  and  #31.)  The  two  approaches 
which  have   been  used   most   often   in   recent   studies   are   the  "contingency   valuation 
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method",  and  the  "travel  cost  method".  A  brief  discussion  of  each  of  these  methods 
and  the  associated  difficulties  and  limitations  follows. 

The  essence  of  the  contingency  valuation  method  is  a  survey  of  individuals  to 
determine  the  amounts  they  would  be  willing  to  pay,  over  and  above  existing 
expenditures,  for  a  given  improvement  in  water  quality  (generally  stated  as 
expenditures  per  year)  or  for  a  particular  recreational  activity  which  this  water  quality 
improvement  makes  possible  or  enhances  (generally  stated  on  a  per  day  basis). 
Conversely,  the  individuals  might  be  asked  to  estimate  the  minimum  amount  of  money 
they  would  be  willing  to  accept  to  forgo  such  an  improvement  or  recreational  activity. 
Theoreti-  cally,  these  two  measures  are  not  equivalent  but  should  yield  similar  results. 
The  direct  interview  approach  may  also  be  used  to  determine  amounts  individuals 
would  be  willing  to  pay  for  avoiding  a  deterioration  in  the  level  of  water  quality. 

There  are  a  number  of  criticisms  of  this  approach.  First,  there  may  in  fact  be 
substantial  variation  in  "willingness  to  pay"  (WTP)  estimates  and  estimates  of 
compensation  required  (see  References  #17,  #25  and  #32).  The  difference  may  be 
attributable  to  the  fact  that  WTP  estimates  are  theoretically  limited  by  budget 
constraints  whereas  those  for  compensation  required  are  not.  On  the  other  hand,  if  the 
respondent  views  the  situation  being  described  as  purely  hypothetical,  he  may  indicate 
a  WTP  which  is  far  beyond  his  budget  constraint.  In  addition,  responses  may  vary 
according  to  the  ways  in  which  the  water  quality  improvements  (or  deterioration)  are 
described,  the  proposed  payment  vehicles,  and  the  approach  used  to  generate  estimates 
of  WTP.  The  latter  may  include  an  open-ended  question,  a  bidding  situation  with  the 
starting  points  suggested  by  the  interviewer,  or  choice  by  the  respondent  of  one  of  a 
selection  of  values  suggested  by  the  interviewer.  Particular  difficulties  arise  when 
trying  to  explain  to  respondents  the  difference  between  values  which  are  to  be 
estimated  for  use  of  the  resource  or  participation  in  the  recreational  activity,  and 
those  which  are  to  be  assigned  to  preserving  future  use  of  the  resource  (option  or 
bequest  values)  or  for  simply  knowing  that  the  resource  is  at  a  higher  quality  than  it 
might  otherwise  have  been  (existence  value). 

The  travel  cost  method  is  based  on  the  theory  that  users  of  a  recreational  site  pay  a 
"price"  for  using  that  site  which  includes  the  costs  of  travel  and  time  incurred  in 
getting  to  the  site.  By  observing  the  behavior  of  users  of  the  site  from  different 
locations,  it  is  possible  to  generate  a  "demand  curve"  for  the  site's  services.    It  is  then 
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possible  to  derive  a  value  for  consumer  surplus  -  the  value  of  the  area  under  the 
demand  curve. 

Problems  associated   with   this   approach   are   that    it    may   not   always   be   possible  to 

isolate  recreational  values   if  trips  are   made   for  purposes   which  are   in   addition  to 

recreation  and   there   are   also  substantial   difficulties   inherent    in   valuing  time.  In 

addition,  the  travel  cost  approach  allows  estimates  of  use  value  only  and  provides  no 
indication  of  option,  existence  or  bequest  values. 

Notwithstanding  the  limitations  of  these  two  approaches,  they  are  useful  in  providing 
indications  of  the  economic  value  of  activities  or  conditions  for  which  there  are  no 
market  prices. 

Ways  of  Comparing  Costs  and  Benefits 

There  are  a  number  of  ways  to  compare  streams  of  costs  and  benefits  associated  with  a 
given  investment  program.  One  is  to  discount  them  using  a  social  discount  rate  which 
reflects  society's  marginal  time  preference  and  includes  some  assessment  of  the 
probability  (a  risk)  of  the  projected  benefits  and  costs.  Discounting  results  is  a  net 
present  value  for  each  stream.  Another  approach,  and  the  one  used  in  this  study,  is  to 
calculate  benefits  and  costs  in  a  typical  year  following  the  investment,  converted  into 
constant  (1987)  dollars.  Both  the  annual  values  and  the  varying  streams  described 
above  have  the  same  net  present  value.  The  annual  values  reported  in  this  study  can  be 
converted  into  net  present  value  terms  by  multiplying  by  13.5. 
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APPENDIX  I 
DESCRIPTION  OF  PROPOSED  CONTROL  MEASURES 

The  following  is  the  sequence  of  control  measures  proposed  and  described  in  the  Phase  3 
report  for  promoting  a  self-sustaining  warm-water  fishery  in  Hamilton  Harbour: 

1.  Enhance  Grindstone  Upper  (Grindstone  Creek  Above  the  Harbour). 

2.  Enhance  Cootes  Paradise. 

3.  Enhance  Grindstone  Creek  Delta. 

4.  Enhance  North  Shore  of  Burlington. 

5.  Enhance  Lax  Property. 

6.  Enhance  Perimeter  Road. 

6  Prime  Effects  of  Light  on  Above  Restorations. 

7.  Cumulative  Effect  of  Point  Source  Control  to  Option  9.* 

8.  Cumulative  Effect  of  Point  and  Diffuse  Source  Control  to  Option  14.* 

Measures  1  to  6  represent  the  potential  direct  effect  of  the  fishery  restorative  measures  on 
pike  hatching  and  fingerling  production,  and  on  adult  pike  and  adult  bass  yield.  Measure  6 
Prime  represents  the  additional  pike  and  bass  yield  due  to  light  penetration  under  current 
loadings  to  the  Harbour,  if  the  restorative  techniques  (measures  1  to  6)  were  used  to  create 
the  maximum  potential  adult  habitat  down  to  a  depth  of  3.5  metres. 

Measure  7  represents  the  cumulative  effect  of  point  source  control  to  and  including  Option 

9.  and  includes  the  effect  of  nitrification  in  the  Burlington  and  Hamilton-Wentworth  Sewage 
Treatment  Plants,  industrial  cleanup,  and  implementation  of  sand  filtration  at  the  Hamilton- 
Wentworth  Sewage  Treatment  Plant.  Measure  8,  which  represents  the  cumulative  effect  of 
point  and  diffuse  source  control  to  and  including  Option  14,  includes  the  additional  effect  of 
sand  filters  at  the  Burlington  Sewage  Treatment  Plant,  natural  cleanup  processes,  and 
storage  of  Combined  Sewers  Overflows  from  the  downtown  and  industrial  areas  of  Hamilton. 


Options  1  through  14  represent  measures  developed  in  the  Phase  3  report  for  overall 
control  of  the  Harbour,  rather  than  for  specific  promotion  of  a  warm-water  fishery. 
They  are  described  overleaf. 
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Remedial  and  Mitigating  Options 

The  following  are  the  options  developed  in  the  Phase  3  report  for  overall  control  of  water 
quality  in  Hamilton  Harbour  (as  opposed  to  measures  directed  specifically  at  promotion  of  a 
warm-water  fishery).  Options  2  through  9  comprise  Measure  7  in  the  preceding  list  of 
control  measures  proposed  for  creation  of  a  fishery  in  the  Harbour.  Measure  8  in  the 
preceding  list  represents  the  cumulative  effect  of  Options  1  through  14.  These  two  groups  of 
options  were  included  as  fishery-promotion  measures  because  they  represent  points  in  the 
cost-effectiveness  curve  for  adult  fish  habitat  where  substantive  improvements  in  light 
penetration,  and  therefore  fish  yield,  result.  Options  15  through  18  are  included  here  for 
completeness  but  they  are  not  part  of  the  proposed  scenario  for  developing  a  warm-water 
fishery. 

1.  Initial.  This  is  the  base  case  using  an  estimate  of  loadings  and  limnological  conditions 
typical  of  1984-1985  to  define  the  characte-  ristics  of  the  Base  Case. 

2.  Chemical  Precipitations  at  Hamilton-Wentworth  Sewage  Treatment  Plant.  This 
involves  the  addition  of  ferric  chloride  by  the  steel  industries  to  lower  the  average 
total  phosphorus  discharged  by  the  Hamilton-Wentworth  STP  from  1.2  mg/L  to 
0.7  mg/L. 

3.  Nitrification  in  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  involves 
implementation  of  nitrification  in  the  Hamilton-  Wentworth  Sewage  Treatment  Plant 
to  achieve  90%  conversion  of  ammonia  to  nitrate. 

4.  Nitrification  in  Burlington  Sewage  Treatment  Plant.  This  is  similar  to  Option  3  but  is 
applied  to  the  Burlington  Sewage  Treat-  ment  Plant. 

5.  Dofasco  Inc.  Recycle.  This  involves  additional  recycle  of  ammonia  in  Dofasco  Inc.  to 
prevent  ammonia  discharge  to  the  Harbour. 

6.  Dofasco  Inc.  to  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  involves  discharge 
of  the  residual  ammonia  from  Dofasco  Inc.  to  the  City  Sewer  system.  Nitrification  of 
90%  of  the  ammonia  in  the  Hamilton  Sewage  Treatment  Plant  is  assumed. 

7.  Stelco  Inc.(Work  in  Progress).  This  involves  general  improve-  ments  in  the  Stelco  Inc. 
sewer  systems  to  prevent  these  discharges  to  the  Harbour. 
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8.  Diffuse  Source  Control.  This  involves  reduction  of  phosphorus  discharged  from 
agn'icultural  sources.    The  approximate  phosphorus  reduction  is  50  kg/d. 

9.  Sand  Filters  in  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  strategy  involves 
implementation  of  tertiary  treatment  of  the  Hamilton-Wentworth  Sewage  Treatment 
Plant  using  sand  filtration  to  minimize  the  discharge  of  phosphorus  contained  in 
particulate  form.  _ 

10.  Dual  Point  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  involves  chemical 
injection  at  two  points  in  the  Hamilton-  Wentworth  Sewage  Treatment  Plant.  It  is 
implemented  after  con-  struction  of  the  sand  filters.  It  provides  additional  phosphorus 
removal. 

11.  Sand  Filters  in  Burlington  Sewage  Treatment  Plant.  This  strategy  is  similar  to  Option 
9  but  is  applied  to  the  Burlington  Sewage  Treatment  Plant. 

12.  Dual  Point  Hamilton-Wentworth  Sewage  Treatment  Plant.  This  strategy  is  similar  to 
Option  10  but  is  applied  to  the  Burlington  Sewage  Treatment  Plant. 

13.  Natural  Control.  After  a  decade  of  improving  wastewater  treat-  ment,  it  is  possible 
that  the  sediments  will  burn  off  much  of  their  oxygen  demand  and  will  be  buried  by 
new  materials  which  exert  a  lower  sediment  oxygen  demand  (SOD),  It  is  probable  that 
such  management  could  cause  SOD  to  decrease  to  50%  of  present  rates  of  SOD. 
Natural  control  assumes  a  lowering  of  SOD  by  50%. 

14.  Retention  Basins.  This  strategy  assumes  the  intercepting  of  storm  water  runoff  by  the 
construction  of  12  storage  basins  on  the  12  main  Combined  Sewer  Overflows,  which 
discharge  to  the  Harbour. 

15.  Oxygen  Injection.  This  is  a  mitigating  measure  involving  direct  injection  of  oxygen  to 
the  hypolimnion.  It  is  assumed  that  injec-  tion  would  occur  for  the  stratified  period.  It 
is  assumed  that  this  technique  would  only  be  applied  at  this  control  option;  it  is  not 
considered  as  part  of  the  sequence  of  options  16  to  18. 

16.  Dundas  Sewage  Treatment  Plant.  There  are  two  options  for  control  of  the  Dundas 
Sewage  Treatment  Plant:  routing  of  its  outflow  to  the  Hamilton  sewer-system,  or 
improvement  of  the  Dundas  Sewage  Treatment  Plant.  The  option  in  this  report 
assumes  that  placement  of  sand  filters  and  dual  point  injection  in  the  Dundas  Sewage 
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Treatment   Plant  causes  the  same   magnitude  of  reduction   in  the  discharge  of  total 
phosphorus  to  the  Harbour. 

17.  Dredging.     This  option  assumes  a  phosphorus  reduction  asso-  ciated  with  dredging  of 
Cootes  Paradise. 

18.  Discharge  to  Lake  Ontario.    This  option  involves  the  discharge  of  wastewater  to  Lake 
Ontario  from  the  Hamilton  and  Burlington  Wastewater  Treatment  Plants. 
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DESCRIPTION  OF  CONSUMER  SURPLUS 
ESTIMATES  FOR  RECREATIONAL  FISHING 

Exhibit  J-1  lists  the  estimates  of  consumer  surplus  associated  with  sportfishing  which 
were  used  as  the  basis  for  estimating  use  value  from  new  recreational  fishing  activity 
in  Hamilton  Harbour.  This  appendix  describes  the  studies  from  which  these  estimates 
were  drawn.  Due  to  time  and  budget  limitations,  the  review  of  these  studies  did  not 
include  a  critical  evaluation  of  the  methods  used  nor,  therefore,  of  the  results 
obtained.  The  estimates  listed  in  the  Exhibit  reflect  average,  as  opposed  to  marginal 
values  of  a  fishing  day.  They  have  been  converted  into  1987  dollars  based  on  the 
Consumer  Price  Index  for  Canada,  and  for  U.S.  dollar  estimates,  on  the  annual  average 
of  noon  exchange  rates. 

The  first  estimate  of  consumer  surplus,  of  $11  per  fishing  day,  is  taken  from  a  study 
for  the  Ontario  Ministry  of  the  Environment  by  The  DPA  Group  Inc.  in  May  1987. 
(Reference  1^17  in  Appendix  L.)  The  estimate  was  derived  on  the  basis  of  a  literature 
review  and  reflects  the  average  use  value  per  angler  day  accruing  to  local  fishermen  at 
six  Ontario  lakes  -  four  in  the  Muskoka/Haliburton  Region,  and  two  just  north  of  Lake 
Ontario.  The  purpose  of  the  study  was  to  measure  the  increase  in  total  consumer 
surplus  which  would  accrue  from  a  25%  reduction  in  phosphorus  at  all  six  lakes.  The 
increase  in  consumer  surplus  was  assumed  to  result  from  two  factors:  an  increase  in 
the  number  of  fishing  days  and  an  increase  in  the  consumer  surplus  per  fishing  day, 
both  as  a  result  of  improved  fishing  conditions.  Equations  relate  the  reduction  in 
phosphorus  to  a  change,  in  percentage  terms,  in  the  morphoedaphic  index  which  in  turn 
causes  a  reduction  in  yield  of  all  fish  species  but  an  increase  in  the  proportion  of 
preferred  species  to  total  yield.  The  combined  result  is  an  increase  in  catch  per  unit 
effort  of  preferred  species— the  factor  which  causes  an  increase  in  fishing  days  and  in 
consumer  surplus  per  day. 

Estimates  of  consumer  surplus  for  salmon  fishing  at  various  locations  in  B.C.  were 
listed  in  the  DPA  report.  They  were  derived  from  a  1984  study  of  willingness-to-pay 
(WTP)  for  a  day's  fishing  at  the  sites  listed  based  on  the  contingent  valuation  method. 
It  is  not  clear  whether  the  values  listed  reflect  WTP  for  a  change  in  water  or  fishing 
quality  nor,  if  this  is  the  case,  the  degree  or  direction  of  charge  being  valued.    The  last 
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two  estimates  in  the  Exhibit,  for  fishing  in  the  Adirondacks  and  at  Snake  River,  Idaho, 
are  also  quoted  from  the  DPA  report.  They  were  derived  using  the  travel  cost  method 
and,  therefore,  likely  reflect  the  use  value  of  a  day  of  fishing  under  current  conditions 
at  the  two  locations.  Nothing  further  is  known  regarding  the  derivation  of  these 
estimates. 

The  consumer  surplus  estimate  for  recreational  fishing  in  Alberta  was  derived  from  a 
study  by  Adamowicz  and  Phillips  (Reference  #1).  This  study  involved  a  survey  of  272 
Alberta  resident  anglers  in  the  1975-76  season  to  determine  the  different  values 
obtained  using  three  methodologies:  the  direct  (or  contingent  valuation)  approach,  the 
travel  cost  method,  and  the  hedonic  price  or  household  production  function  approach. 
The  estimate  quoted  in  the  Exhibit  reflects  the  average  of  the  maximum  amounts  the 
respondents  would  be  willing  to  pay  to  fish  for  one  day.  The  results  using  the  travel 
cost  approach  were  considerably  lower  at  approximately  $7  per  fishing  day.  The  WTP 
estimate— of  $31  per  angler  day— is,  however,  substantially  lower  than  the  the  average 
compensation  which  respondents  which  require  in  order  to  give  up  fishing  for  one  day. 

Victor  and  Burrell  (Reference  #33)  estimated  average  consumer  surplus  per  angler  day 
of  approximately  $23  (in  1987  dollars)  in  their  1983  study  of  232  lakes  in  the 
Haliburton/Muskoka  Region.  The  study  used  the  Talhelm  approach  to  estimate  the 
potential  loss  in  economic  value  from  fishing  due  to  acid  rain.  The  different  types  of 
fishing  available  at  the  232  lakes  were  grouped  into  "products"  defined  in  terms  of  lake 
area  and  morphoedaphic  index  (MEI).  The  MEI  was  used  as  a  proxy  for  catch  per  unit 
of  effort.  Demand  equations  were  then  derived  for  each  fishing  product  based  on  the 
travel  cost  method.  Supply  curves  were  assumed  to  be  perfectly  elastic  and  were 
derived  on  the  basis  of  the  minimum  "price"  which  anglers  at  each  origin  had  to  "pay" 
in  order  to  obtain  each  fishing  product.  Using  these  demand  and  supply  curves, 
consumer  surplus  was  estimated  for  nine  of  the  fishing  products  across  all  232  lakes. 
The  result  was  a  range  of  between  $8  and  $177  per  angler  day  (in  1987  dollars) 
depending  on  the  fishing  "product"  being  valued.  The  weighted  average  of  the 
consumer  surplus  estimates  is  $23  per  fishing  day,  as  reported  in  the  Exhibit. 

The  next  estimate  -  of  $6  per  fishing  day  -  is  derived  from  a  study  done  for  the  Ontario 
Ministry  of  Natural  Resources  by  Hough,  Stansbury  and  Michalski  Ltd.  in  1982 
(Reference  #19).  The  estimate  reflects  the  value  per  angler  day  for  non-Indian 
residents  for  recreational  fishing   in   Lake  of  the    Woods   and    is   based   on   a  survey. 
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undertaken  in  1980,  in  order  to  determine  the  economic  and  social  impacts  of 
alternative  management  strategies  for  the  Lake. 

The  next  two  values  were  derived  from  a  study  by  Vaughan  and  Russell  (Reference 
#32).  The  purpose  of  the  study  was  to  determine  the  average  willingness-to-pay  for  a 
day  of  recreational  fishing  for  different  types  of  fish  species.  The  study  used  the 
travel  cost  approach  based  on  data  from  a  mail  survey  of  fee-  fishing  sites  in  the  U.S. 
in  1979.  Sites  were  assigned  to  one  of  three  types  of  fisheries,  including:  coldwater 
game  fish,  roughfish  angling  and  warmwater  gamefish/panfish.  In  the  end,  estimates 
were  possible  for  only  two  of  these  classes— coldwater  gamefish  (trout),  and  roughfish 
(catfish).  Different  estimates  of  consumer  surplus  were  derived  including  and 
excluding  the  opportunity  cost  of  travel  time.  The  results  reported  in  the  Exhibit,  of 
$33  for  trout  fishing  and  $21  for  catfish  fishing  per  angler  day,  include  the  cost  of 
travel  time,  valued  at  the  wage  rate. 


EXHIBIT  J-1 

ESTIMATES  OF  CONSUMER  SURPLUS  ASSOCIATED 

WITH  RECREATIONAL  FISHING  (USE  VALUE) 

(in  1987  Canadian  Dollars) 


Activity 
Being  Valued 


Location 


Consumer 
Surplus  per 
Fishing  Day 


Source  of 
Estimate 


Recreational  Fishing 


6  Ontario  lakes 


$11 


DPA  Study 


Salmon  Fishing 


Victoria,  B.C. 
Campbell  River,  B  C. 
Sechelt,  B.C. 
PortAlberni,  B.C. 
Campbell  River  Guided 


24 
40 
47 
83 
95 


DPA  Study 


Recreational  Fishing 


Alberta 


Adamowicz  and  Phillips 


Recreational  Fishing 


Haliburton/Muskoka  Region, 
Ontario 


23 


Victor  and  Burrell 


Angling 


Lake  of  the  Woods,  Ontario 


Hough,  Stansbury  and  Michalski 


Trout  Fishing 
Catfish  Fishing 


Fee-fishing  sites,  U.S. A 
Fee-fishing  sites,  U.S  A 


33 

21 


Vaughan  and  Russel 


Fishing 


Adirondacks,  N.Y 


43 


DPA  Study 


Fishing 


Snake  River,  Idaho 


25 


DPA  Study 
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APPENDIX  K 
BASIS  FOR  CALCULATION  OF  NON-USE  VALUES 

Section  4.2  of  the  main  report  provides  a  brief  description  of  the  basis  used  for  estimating 
non-use,  or  intrinsic,  values  associated  with  the  control  measures  proposed  for  establishing  a 
warm-water  fishery  in  Hamilton  Harbour.  An  intrinsic  value  of  zero  was  assumed  through 
implementation  of  measure  7:  after  implementation  of  measure  8,  a  non-use  value  of  SlOO 
per  household  per  year  was  assumed.  This  figure  was  based  on  a  survey  of  a  number  of 
studies  which  suggested  a  range  of  $87  to  $146  per  household  per  year  (1987  dollars)  for  an 
improvement  in  water  quality  from  "beatable"  to  "fishable,"  and  a  range  of  $103  to  S153 
(1987  dollars)  for  an  improvement  from  "boatable"  to  "swimmable."  This  Appendix  describes 
the  way  in  which  these  ranges  were  derived. 

Difficulties  in  Comparing  Estimates  of  Non-Use  Value 

There  are  a  number  of  differences  in  the  approaches  taken  to  estimate  non-use  benefits 
which  make  it  difficult  to  compare  the  results.  These  different  approaches  are  described 
below. 

A  major  difference  concerns  the  distinction  between  estimates  of  use  and  non-use  elements 
of  economic  value.  Some  studies  estimate  an  overall  willingness-to-pay  for  improving  (or 
protecting)  the  environment,  and  do  not  attempt  to  separate  use  and  non-use  components. 
The  report  done  for  the  Ontario  Ministry  of  the  Environment  by  A.R.A.  Consultants  in  1981 
(reference  #14  in  Appendix  L)  falls  into  this  category.  Other  studies  attempt  to 
disaggregate  overall  estimates  of  willingness-to-pay.  Studies  in  this  category  include  two  by 
Mitchell  and  Carson  in  1981  and  1984.  (The  results  of  these  studies  were  reported  in  another 
source.  They  are  therefore  not  listed  in  Appendix  L.)  A  number  of  studies  attempt  not  only 
to  distinguish  between  use  and  non-use  values,  but  also  estimate  values  for  various 
components  of  intrinsic  benefits  including  option,  existence,  and  bequest  values.  This  was 
the  approach  taken  by  Greenley,  Walsh  and  Young  (reference  #5)  -  and  in  a  number  of  studies 
co-authored  by  Walsh  and  by  Smith  and  Desvousges  (reference  #25). 

Further  difficulties  arise  in  terms  of  the  definitions  which  are  used  to  describe  changes  in 
water  quality.  Greenley  et  al.  describe  three  levels  of  water  quality  according  to  the 
quantity  of  heavy  metals  per  litre  of  water.  Smith  and  Desvousges  use  a  "water  quality 
ladder"  which  describes  the  various  qualities  of  water  in  terms  of  the  activities  which  are 


K  -  2 


possible  at  each  level  although  it  is  assumed  that  these  activities  depend  on  the  cleanliness 
of  the  water.  The  A.R.A.  study  describes  water  quality  in  terms  of  the  fish,  wildlife,  and 
plant  habitat  which  the  water  could  support.  Given  these  differences  in  definition, 
judgement  must  be  used  in  comparing  the  changes  in  water  quality  which  are  being  valued. 

Differences  also  exist  with  respect  to  the  magnitude  and  direction  of  change  being  valued. 
The  focus  of  the  A.R.A.  study  is  on  prevention  of  "considerable"  environmental 
deterioration;  the  other  studies  mentioned  here  emphasize  improvements  in  water  quality. 
In  some  cases,  the  degree  of  change  appears  to  be  similar.  However,  it  is  not  clear  that 
individuals  would  be  willing  to  pay  the  same  amount  for  preventing  a  decline  in  water  quality 
as  they  would  for  improving  it  by  a  comparable  amount,  or  for  equal  but  successive 
improvements. 

Finally,  differences  exist  with  respect  to  the  size  and  location  of  the  resources  under  study. 
Presumably,  the  larger  the  body  of  water,  the  more  individuals  would  be  willing  to  pay  to 
clear  it  up  to  a  given  level.  The  socioeconomic  characteristics  of  the  survey  population  will 
also  affect  WTP's. 

Notwithstanding  these  differences,  it  is  possible  to  compare,  to  some  extent,  estimates  of 
non-use  values.  The  following  paragraphs  describe  each  of  the  studies  reviewed  for  this 
project.    The  results  of  these  studies  are  then  compared  in  Exhibit  K-1. 

Greenley,  Walsh  and  Young 

South  Platte  River  Basin,  Colorado 

The  study  by  Greenley,  Walsh  and  Young  (reference  #5)  estimates  the  benefits  associated 
with  improving  water  quality  in  the  South  Platte  River  Basin  in  Colorado.  Estimates  were 
derived  through  a  contingent  valuation  survey  and  employed  two  different  types  of  payment 
vehicles— an  annual  water  fee  and  an  annual  sales  tax.  The  authors  focus  on  the  results 
associated  with  a  sales  tax;  thus,  these  are  the  estimates  reported  here. 

Three  levels  of  water  quality  are  described.  "Situation  C"  is  described  as  the  worst  water 
quality  level  where  the  content  of  heavy  metals— at  181,250  micrograms  per  litre— exceeds 
biological  limits  for  fish  survival.  "Situation  B"  denotes  water  which  is  still  toxic  with  a 
metallic  content  of  1,158  micrograms  per  litre.  The  water  described  by  "Situation  A"  is  pure 
and  nontoxic.  The  authors  estimate  use  values  for  a  change  from  Situation  C  to  Situation  A, 
and  for  a  change  from  Situation  C  to  Situation  B.  Estimates  of  option,  existence,  and 
bequest  values  are  provided  only  for  the  change  from  C  to  A.     Because  the  change  from 
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Situation  C  to  B  was  considered  more  representative  of  the  proposed  quality  change  in 
Hamilton  Harbour,  estimates  of  non-use  values  for  this  change  were  made  based  on  the 
proportion  which  option,  existence  and  bequest  values  comprised  of  the  total  willingness-to- 
pay  for  a  change  from  C  to  A.  The  results,  in  terms  of  willingness-to-pay  per  household  per 
year  in  1987  Canadian  dollars,  are  as  follows: 

•  use  value:  $93 

•  option  value:  $37 

•  existence  value:  $41  -  $56 

•  bequest  value:  $28  -  $53. 

The  lower  estimates  of  existence  and  bequest  values  reflect  values  for  nonuser  households 
only,  while  the  upper  estimates  reflect  values  for  all  households. 

Smith  and  Desvousges 
Monongahela  River,  Pennsylvania 

The  study  by  Smith  by  Desvousges  (reference  #25)  estimates  use  and  option  values  for  water 
quality  changes  in  the  Monongahela  River  (Pennsylvania)  described  according  to  five 
different  levels  on  a  water  quality  ladder.  The  lowest  level,  E,  is  extremely  polluted;  level  D 
is  suitable  for  boating  but  not  fishing  or  swimming;  level  C  denotes  water  quality  such  that 
gamefish  lilce  bass  can  survive;  level  B  is  swimmable;  and  level  A  is  drinkable. 

The  survey  form  included  four  different  ways  of  asl<ing  respondents  how  much  they  would 
pay  for  each  given  change  in  water  quality,  including: 

•  iterative  bidding  using  $25  as  a  starting  point; 

•  iterative  bidding  using  $125  as  a  starting  point; 

•  a  direct  question; 

•  a  "payment   card"   approach   whereby   the   respondent   selected   his    willingness-to-pay 
value  from  an  array  of  potential  values. 

Estimates  are  reported  for  all  four  question  formats  and  for  various  changes  in  water 
quality.  Because  the  changes  from  level  D  to  level  C  and  from  D  to  B  -  that  is,  from 
boatable  to  fishable  and  swimmable  respectively  -  are  most  relevant  to  the  proposals  for 
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Hamilton  Harbour,  these  are  the  results  reported  here.     Following  are  the  estimates  of  use 
and  option  values  converted  to  1987  Canadian  dollars: 


Level  D  to  Level  C: 
Boatable  to  Fishable 

Iterative  Bidding  From  $25 
Iterative  Bidding  From  $125 
Direct  Question 
Payment  Card 


Use  Value 


$  7 
34 
35 
51 


Option 
Value 


$24 
50 
18 
33 


Level  D  to  Level  B: 
Boatable  to  Swimmable 

Iterative  Bidding  From  $25 
Iterative  Bidding  From  $125 
Direct  Question 
Payment  Card 


$17 
80 
51 
84 


$36 
72 
34 
44 


Estimates  of  option  value  are  calculated  as  the  weighted  average,  by  number  of  respondents, 
of  option  values  for  users  and  non-users.  Estimates  were  not  made  of  existence  or  bequest 
values. 


Mitchell  and  Carson 

National  Water  Quality  Improvements 

Mitchell  and  Carson  undertook  studies  in  1981  and  in  1984  to  estimate  willingness-to-pay  for 
nation-wide  water  quality  changes  in  the  United  States.  The  results  of  these  studies  are 
reported  in  Smith  and  Desvousges.  The  1981  study  estimated  willingness-to-pay,  for  cleaning 
up  all  rivers  and  lal<es  in  the  United  States,  of  $392  per  user-respondent  per  year  (in  1987 
Canadian  dollar  terms)  and  of  $184  (in  1987  Canadian  dollars)  per  respondent  per  year  for 
non-users.  These  values  are  assumed  to  reflect  use  and  non-use  values  respectively.  The 
1984  study  by  Carson  and  Mitchell  resulted  in  overall  estimates  of  willingness-to-pay  for 
changing  national  water  quality,  described  as  mostly  boatable.  Results  are  in  1987  Canadian 
dollars  and  are  expressed  as  mean  household  values  per  year: 
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•  Retain  boatable  conditions:  $136 

•  Realize  fishable  conditions:  $102 

•  Realize  swimable  conditions:  $114 

Ontario  IVIinistry  of  the  Environment 
Study  by  A.R.A.  Consultants 

A  study  by  the  Ministry  of  the  Environment  (reference  #14)  was  undertaken  in  July  1981  to 
estimate  individuals'  willingness-to-pay  to  prevent  a  decline  in  environmental  quality  due  to 
pollution  In  Ontario  cottage  country  -  that  is  the  Muskoka/Haliburton  region,  the  Kawarthas 
and  Sturgeon  Bay.  Estimates  were  made  on  the  basis  of  a  survey  of  urban  residents  in 
Kitchener/Waterloo,  cottagers,  village  residents,  occasional  visitors  and  U.S.A.  visitors. 
Levels  of  water  quality  were  described  by  reference  to  a  water  quality  ladder  which  graded 
the  water  from  1  to  10  according  to  the  type  of  fish,  wildlife  and  plant  habitat  which  the 
water  could  support.  The  authors  focus  on  the  results  obtained  from  asking  respondents  how 
much  they  would  be  willing  to  pay  to  prevent  a  deterioration,  described  as  con.PA  siderable, 
from  level  8  to  level  4.  The  willingness-to-pay  estimates  reflect  an  overall  value  including 
both  use  and  non-use  elements.  The  results,  in  1987  dollars  per  household  per  year,  were 
$236  for  urban  residents  and  $171  for  village  residents.  Estimates  for  cottagers,  occasional 
visitors  and  U.S.A.  visitors  were  higher. 

Comparison  Of  Study  Results 

Exhibit  K-1  compares  the  estimates  made,  in  the  studies  reviewed  for  this  report,  of  total 
willingness-to-pay  and  non-use  values.  Not  all  of  the  studies  described  are  represented  in 
each  of  these  comparisons  since  it  was  not  always  possible  to  standardize  the  results. 

Estimates  of  total  willingness-to-pay  are  presented  in  order  to  illustrate  the  wide  range  of 
estimates  which  is  supported  by  the  literature.  (The  study  by  Greenley,  Walsh  and  Young  is 
not  represented  in  this  list  because  it  is  doubtful  whether  the  estimates  of  use,  option, 
existence  and  bequest  values  are  additive.)  If  the  value  estimated  by  Mitchell  and  Carson 
(1981)  of  $392  is  eliminated,  the  range  which  remains  for  total  willingness-to-pay  is  from 
$102  to  $236.  These  values  reflect  WTP  for  a  substantial  change  in  water  quality  -  in  the 
case  of  Carson  and  Mitchell  (1984)  from  boatable  to  fishable  and  in  the  case  of  A.R.A.  study, 
prevention  of  "considerable"  deterioration.  Use  values  estimated  in  the  studies  reviewed, 
ranged  from  $7  to  $93  for  a  comparable  change  in  water  quality,  again  eliminating  the 
Mitchell  and  Carson  (1981)  estimate.     If  the   midpoint  of  each  of  these  ranges  is  used  to 
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derive  a  residual  estimate  of  non-use  values,  the  result  is  approximately  $120  per  household 
per  year  (in  1987  dollars). 

Direct  estimates  of  non-use  values  are  presented  in  Exhibit  K-1.  According  to  these 
estimates,  option  values  for  improving  water  quality  from  a  beatable  to  a  fishable  level 
range  from  $18  to  $37.  Option  value  for  an  improvement  from  boatable  to  swimmable 
quality  ranges  from  $34  to  $44. 

Estimates  of  existence  and  bequest  values  are  available  from  one  study  only.  The  total  of 
these  two  values  is  from  $69  to  $109.  Direct  estimates  of  total  non-use  values  therefore 
range  from  $87  to  $146  for  a  change  in  water  quality  from  boatable  to  fishable,  and  from 
$103  to  $153  for  an  improvement  from  boatable  to  swimable. 

Reasonableness  of  Non-Use  Value  Estimates 

As  noted  above,  the  residual  estimate  of  non-use  value,  derived  from  collective  results  of 
the  studies  reviewed,  is  approximately  $120  per  household  per  year  (in  1987  dollars) 
associated  with  a  "considerable"  change  in  water  quality.  Direct  estimates  range  from  $87 
to  $153,  depending  on  whether  the  change  being  valued  is  from  boatable  to  fishable  or  from 
boatable  to  swimmable.  In  the  context  of  these  results,  the  estimate  of  nonuse  value 
assumed  for  Hamilton  Harbour  -  of  $100  per  household  per  year  after  implementation  of 
measure  9  -  does  not  appear  unreasonable.    However,  a  number  of  cautions  are  in  order. 

First,  the  application  of  results,  derived  from  studies  involving  one  set  of  parameters  and 
circumstances,  to  a  different  location  and  situation  is  risky.  Secondly,  the  empirical 
estimation  of  intrinsic  benefits  associated  with  environmental  changes  is  a  fairly  new  area  of 
research.  Although  the  concept  that  individuals  attach  value  to  protection  of  the 
environment  even  if  they  do  not  use  the  resources  directly  is  generally  accepted, 
methodologies  for  quantifying  this  value  are  still  evolving.  By  contrast,  methods  for 
estimating  use  value  are  relatively  established.  Furthermore,  the  concept  of  use  value  can 
be  tested  to  some  extent  by  observing  changes  in  individuals'  behaviour  in  response  to 
improvements  (or  more  often,  a  deterioration)  in  environmental  conditions. 

Given  the  greater  "intangibility"  of  non-use  benefits,  and  the  relative  lack  of  experience  in 
quantifying  them,  estimates  of  non-use  value  are  probably  less  reliable  than  those  of  use 
value. 


EXHIBIT  K-1 

COMPARISON  OF  ESTIMATES  OF  TOTAL  WILLINGNESS-TO-PAY 

AND  NON-USE  VALUES 

(1987  Canadian  dollars  per  household  per  year) 


Total  WTP  (includes  use  and  non-use  values) 

Mitchell  and  Carson  (1981)  $392 

Carson  and  Mitchell  (1984): 

Retain  boatable  conditions 

Realize  fishable  conditions 

Realize  swimmable 
Ontario  MOE  (by  A.R.A.  Consultants): 

Village  residents 

Urban  residents 
Non-Use  Values 

Greenley,  Walsh  and  Young* 
Smith  and  Desvousges:** 

From  boatable  to  fishable 

From  boatable  to  swimable 
Carson  and  Mitchell  (1984) 


136 

102 

114 

171 

236 

Option 

Existence 

Bequest 

Total 

$37 

$41-56 

$28-53 

$106-146 

18-33 

n/a 

n/a 

n/a 

34-44 

n/a 

n/a 

n/a 

n/a 

n/a 

n/a 

184 

Estimates  reported  are  for  a  change  from  Situation  C  to  Situation  B.  The  lower  estimate  of  existence  ana 
bequest  values  relates  to  non-user  households  only;  the  upper  estimate  are  from  user  and  non-user 
households  combined. 

Estimates  derived  using  iterative  bidding  from  $125  are  not  included  in  this  range  since  they  are 
considerably  higher  than  all  other  estimates. 
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APPENDIX  L 
ANNOTATED  BIBLIOGRAPHY 

1.  Adamowicz,   W.L.   and   Phillips,    W.E.,   "A    Comparison  of   Extra   Marl<et   Benefit 

Evaluation   Techniques,"    Canadian    Journal    of    Agriculture    Economics. 
November  31,  1983. 

Describes  tliree  techniques  used  for  valuing  extra  market  benefits  from  wildlife 
resource  uses  -  the  direct  approach  (contingent  valuation  method),  the  travel  cost 
method,  and  the  hedonic  price  or  household  production  function  approach.  Also 
presents  the  results  of  an  analysis  of  Alberta  anglers  to  estimate  the  extra  market 
values  of  fishing. 

2.  Bentkover,  J.D.,   Covello,  V.T.  and  Mumpower,  J.,   Benefits  Assessment     -  The 

State  of  the  Art,  D.  Reidel  Publishing  Company,  1986. 

Describes  benefits  assessment  methods  and  their  use  in  addressing  health,  safety,  and 
environmental  issues.  The  last  chapter  by  A.M.  Freeman,  focuses  on  the  benefits  of 
such  things  as  improved  opportunities  for  recreation,  describes  categories  of 
environmental  benefits,  and  describes  methods  of  calculating  these  benefits  by  type. 

3.  Berczi,    A.       "Estimating    the    Economic    Consequences    of    Acid    Rain    on 

Sportfishing,"  Proceedings  of  the  Acid  Rain  Evaluation  Seminar,  Canadian 
Special  Publication  of  Fisheries  and  Aquatic  Sciences  90,  1986. 

Describes  the  acid  rain  problem  in  terms  of  an  ecological  system  problem.  Discusses 
whether  acid  rain  should  be  treated  as  an  "externality"  or  as  a  "public  good"  (or  bad). 
Discusses  three  methodologies  for  estimating  the  direct  effect  of  an  ecological 
phenomenon,  such  as  acid  rain,  including  the  contingent  valuation  method,  the  travel 
cost  method  and  the  hedonic  price  method. 

4.  Deyak,  T.A.  and  Smith  K.,  "Congestion  and  Participation  in  Outdoor  Recreation: 

A   Household    Production   Function   Approach,"   Journal   of   Environmental 
Economics  and  Management  5,  pp.  63-80,  1978. 

Puts  forward  the  theory  that  in  the  case  of  most  outdoor  recreation,  individuals 
produce  "service  flows"  by  utilizing  time,  equipment,  and  the  services  of  recreational 
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sites.  Suggests  that  the  marginal  cost  of  a  given  service  flow  is  equal  to  the  average 
cost  and  that  the  individual's  "supply  curve"  for  his  produced  consumption  flows  are 
perfectly  elastic.  Equates  households  with  individuals  on  the  theory  that  the  household 
head's  utility  function  includes  the  utility  of  the  members. 

5.  Greenley,  D.A.,   Walsh,   R.G.  and   Young,   R.A.,   Economic  Benefits  of  Improved 

Water  Quality:      Public   Perceptions  of   Option   and    Preservation   Values, 
Boulder,  Colorado:    Westview  Press,  1982. 

Describes  methods  of  estimating  recreation  (use)  and  preservation  (intrinsic)  benefits 
from  improved  water  quality.  Reviews  other  studies  done  to  estimate  use  and  intrinsic 
benefits.  Presents  results  of  own  study  of  benefits  associated  with  improving  water 
quality  in  the  South  Platte  River  Basin  in  Colorado.  Estimates  use,  option,  existence, 
and  bequest  values  assuming  a  change  in  water  quality  from  "Situation  C"  to  "Situation 
A".  Situations  are  described  in  terms  of  heavy  metals  per  litre  of  water.  Situation  C 
assumes  181,250  micrograms  per  litre;  B  assumes  1,158  micrograms;  A  is  pure  and  non- 
toxic. Also  estimates  use  values  for  a  change  from  C  to  B  (probably  more 
representative  of  the  situation  in  Hamilton  Harbour).  Uses  two  types  of  payment 
vehicles  -  an  annual  water  fee  and  annual  sales  tax;  authors  place  emphasis  on  the 
results  associated  with  the  latter  vehicle.  Develops  use  and  option  values  by  income 
group  for  a  change  from  C  to  A.    Also  divides  results  by  type  of  employer. 

6.  Hatfield,  C.T.  and  Smith,  C,  "Instream  Resource  Values  and  Protection  Needs  In 

Canada,"  Inquiry  on  Federal  Water  Policy  Research  Paper  #22,  July  1985. 

Describes  types  of  instream  resource  uses  (for  example  fish  and  wildlife  habitat  and 
recreation)  and  develops  methodology  and  mechanisms  to  assess  the  needs  and  values 
of  instream  resources.  Analyzes  current  conflicts  among  instream  uses,  assesses 
procedures  for  the  protection  of  these  resources,  and  recommends  some  changes. 

7.  Hurley,  D.A.  "Fish  Population  of  the  Bay  of  Quinte,   Lake  Ontario,   Before  and 

After   Phosphorus   Control,"   Cdn.    Spec.    Publ.    of    Fisheries    and    Aquatic 
Sciences,  1986. 

Examines  fish  populations  in  the  Bay  of  Quinte,  Lake  Ontario,  before  and  after 
phosphorus  control. 
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8.  Kreutzwiser,  R.  "The  Economic  Significance  of  the  Long  Point  Marsh,  Lake  Erie, 

as  a  Recreational  Resource,"  J.  Great  Lakes  Resources,  7(2),  pp.  105-110, 
1981. 

Assesses  the  economic  significance  of  use  of  public  marsh  at  Long  Point  and  Point 
Pelee  on  the  north  shore  of  Lake  Erie.  Estimates  consumer  surplus  from  fishing, 
hunting,  nature  viewing  and  other  activities  and  estimates  local  spending  generated 
directly  and  indirectly  by  these  activities. 

9.  Loomis,  J.,   and   Walsh,   R.G.,   "Assessing  Wildlife   and   Environmental  Values   in 

Cost-Benefit    Analysis:       State    of    the    Art,"    J.    of    Environmental 
Management  22,  pp.  125-131,  1986. 

Describes  contingent  valuation  method  for  estimating  wildlife  and  environmental 
values  in  cost-benefit  analysis.  Presents  empirical  estimates  from  a  number  of  studies 
of  the  option,  existence  and  bequest  values  of  wildlife  species  and  environmental 
resources,  including  water  quality. 

10.  Macerollo,  C,  and  Ingram,  M.,  "The  Value  of  Water  in  The  Grand  River  Basin: 

An  Estimate  of  the  Demand  for  Water  in  Ontario,"  Cdn.  Water  Resources 
J.,  Vol.  6,  No.  1,  1981. 

Estimates  the  demand  curve  for  water  and  the  price  elasticity  of  demand,  with 
reference  to  the  Grand  River  Basin  in  Ontario. 

11.  Metropolitan    Toronto    and    Region    Conservation    Authority,    "Urban    Fishing: 

Feasibility  Study,"  1986. 

An  evaluation  of  the  potential  for  developing  fishing  in  the  Metropolitan  Toronto  area. 
A  survey  was  used  to  generate  information  on  potential  use,  need  for  improvement,  and 
mechanisms  by  which  an  urban  fishing  program  could  function.  Data  from  this  survey 
was  used  to  estimate  potential  fishing  activity  in  Hamilton  Harbour. 

12.  Mitchell,  R.C.  and  Carson,  R.T.,  "Option  Value:    Empirical  Evidence  from  a  Case 

Study   of    Recreation   and    Water   Quality:      Comment,"    Quarterly    J.    of 
Economics,  February  1985. 
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A  criticism  of  the  Greenley,  Walsh  and  Young  (1981)  contingent  valuation  study  of 
water  quality  in  the  South  Platte  River  Basin,  Colorado  (see  Reference  #5). 

13.  Muller,  A.,  "The  Socioeconomic  Value  of  Water  in  Canada,"  Inquiry  on  Federal 

Water  Policy  Research  Paper  #5,  March  1985. 

Attempts  to  estimate  the  value  of  water  in  the  Canadian  economy.  Estimates  average 
net  willingness  to  pay  for  water  for  industrial  uses,  including  paper  products, 
chemicals,  primary  metals,  petroleum,  and  food  and  beverage  industries;  for  thermal 
cooling  power;  for  agricultural  uses;  and  for  municipal  uses.  All  of  the  latter 
constitute  "withdrawal  uses"  of  water.  Also  estimates  the  value  of  instream  uses  of 
water  including  hydro  electricity,  waste  assimilation,  commercial  navigation  and 
fishing,  and  recreational  uses.  Bases  estimates  for  fishing  on  results  from  studies  by 
Adamowicz  and  Phillips,  and  by  Vaughan  and  Russell. 

14.  Ontario  Ministry  of  the  Environment  (by  A.R.A.  Consultants),  "Acid  Precipitation 

Effects  -  Value  Awareness  and  Attitudes  in  Ontario  The  Amenity  Value 
Survey,"  July  1981. 

Estimates  individuals'  willingness  to  pay  to  prevent  a  decline  in  environmental  quality 
due  to  an  increase  in  pollution  in  cottage  country  (Muskoka/Haliburton,  the  Kawarthas 
and  Sturgeon  Bay).  Estimates  were  made  on  the  basis  of  a  survey  of  urban  residents  in 
Kitchener/Waterloo,  cottagers,  village  residents,  occasional  visitors,  and  USA  visitors. 
Changes  in  the  environment  are  described  with  reference  to  a  water  quality  ladder. 
Also  assesses  socioeconomic  factors  which  might  account  for  variation  in  willingness- 
to-pay  values. 

15.  Ontario  Ministry  of  the  Environment  (by  Currie,  Cooper  and  Lybrand  Ltd.),  "The 

Effects  of  Acid  Precipitation  on  Recreation  and  Tourism  in  Ontario,"  June 
1982. 

Develops  a  framework  for,  and  attempts  to  estimate,  the  economic  implications  of 
acidic  precipitation  for  tourism  and  recreation  in  Ontario.  Estimates  changes  in  direct 
expenditures  due  to  changes  in  angler  effort  resulting  from  acid  rain.  Uses  the  travel 
cost  method  to  estimate  the  annual  value  of  lost  fishing  occasions  as  a  result  of  acid 
rain  in  four  different  areas  of  Ontario. 
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16.  Ontario  Ministry  of  the  Environment  (by  J.  Donnan),  "Mercury  Pollution  in  the 

Wabigoon-English  River  System,"  January  1986. 

A  socioeconomic  assessment,  including  benefit-cost  analysis,  of  remedial  actions 
proposed  for  reducing  mercury  contamination  in  fish  on  the  Wabigoon-English  River 
System.    Does  not  estimate  quantitative  benefits  associated  with  sportfishing. 

17.  Ontario  Ministry  of  the  Environment  (by  DPA  Group  Inc.),  "Recreation  Benefits 

Arising  from  Lal<e  Reclamation  in  Ontario,"  May  1987. 

Assesses  the  economic  implications  of  reclamation  projects  in  six  Ontario  lakes  with 
reference  to  one  reclamation  activity  -  a  25%  reduction  in  phosphorus  concentration. 
Focuses  on  three  water-based  activities  sportfishing,  swimming,  and  boating. 
Estimates  the  economic  impact  of  phosphorus  reduction.  Also  does  an  extensive 
analysis  of  changes  in  consumer  surplus  for  fishing,  swimming  and  boating  as  a  result  of 
the  reclamation  activity.  Suggests  linl<ages  between  water  quality  and  consumer 
surplus  for  activities.  (For  more  detail,  see  Appendix  B.)  Supports  the  notion  of  a 
horizontal  supply  curve  at  a  price  equal  to  the  average  price  of  a  recreation  day. 

18.  Ontario  Ministry  of  the  Environment  (by  A.  Usher,  J.B.  Ellis  and  M.  Michalski), 

"Beach  Use  and  Environmental  Quality  in  Ontario,"  May  1987. 

Identifies  and  classifies  beach  sites  in  Ontario.  Hypothesizes  relationships  between 
beach  use  and  environmental,  economic  and  social  parameters.  Estimates  value  to 
Ontario  residents  of  beach  swimming  in  Ontario.  Uses  the  travel  cost  method  to  obtain 
estimates  of  home  based  and  non-home  based  beach  swimming  occasions. 

19.  Ontario  Ministry  of  Natural  Resources  (by  Hough,  Stansbury  and  Michalski  Ltd.), 

"The  Lake  of  the  Woods  Fishery:    A  Social  and  Economic  Analysis,"  April 
1982. 

Analyzes  the  social  and  economic  significance  of  the  Ontario  Lake  of  the  Woods 
Fishery.  Results  were  developed  for  seven  groups  of  anglers.  Conducted  interviews  in 
1980  to  determine  current  use  of  the  fishery  and  describes  economic  and  social  impacts 
of  alternative  lake  management  strategies. 

20.  Ontario  Ministry  of  Natural  Resources,  "1985  Survey  of  Sportfishing  in  Canada  - 

Highlights  for  the  Province  of  Ontario,"  October  1986. 
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Provides  data  on  number  and  characteristics  of  anglers;  distribution  of  angler  effort  by 
region;  distribution  of  angler  effort  by  season;  numbers  of  fish  caught  by  species; 
species  preference;  fishing  activity  in  Ontario  in  the  last  five  years;  trip 
characteristics  of  non-resident  anglers  and  expenditures  attributable  in  whole  or  in 
part  to  sportfishing  in  Ontario.  Results  are  based  on  a  survey  of  residents  of  Ontario 
who  had  fished  and  of  non-residents  who  had  purchased  angling  licenses  in  Ontario  in 
1985. 

21.  Ontario  Ministry  of  Tourism  and  Recreation,  "The  Economic  Impact  of  Tourism  in 

Ontario  and  Regions,"  June  1984. 

Calculates  the  direct  and  indirect/induced  consumption  effects  of  tourism  expenditure 
in  Ontario  and  expresses  these  in  terms  of  gross  output,  total  income,  wage  and  salary 
income,  employment  and  taxes  by  region  and  sector  of  original  expenditure. 

22.  Pearse,    P.H.,    Bertrand,    F.,    and    MacLaren,    J.W.,    Currents    of    Change,    Final 

Report    of    the    Inquiry   on    Federal    Water    Policy,    Environment    Canada, 
September  1985. 

Assesses  "the  adequacy  of  federal  water  policy  and  the  capacity  of  our  institutions  to 
respond  to  changing  circumstances."  Considers  current  water  conditions  and  future 
requirements  for  water.  Incorporates  the  results  of  several  studies  on  special  problems 
(see  References  #6  and  #13). 

23.  Small   Craft   Harbours  Branch   Pacific   Region   (by    M.   Shaffer,    R.   Hale,   and   J. 

Lyle),  "The  Economic  Impact  of  Recreational  Boating  in  B.C.,"  July  1977. 

Assesses  the  impact  of  recreational  boating  in  British  Columbia  on  the  provincial  and 
national  economies  as  a  basis  for  decisions  regarding  the  provision  of  marine  facilities 
for  recreational  boating  in  the  province.  The  study  concentrates  on  an  economic 
impact  analysis  but  incidentally  estimates  consumer  surplus  from  recreational  boating. 

24.  Small  Craft  Harbours  Branch  Fisheries  and  Oceans  Canada  (by  Hough,  Stansbury 

and  Associates,  and  Jack  B.  Ellis  and  Associates),  "Recreational  Bing  in 
Ontario:    An  Update  to  1985,"  March  1985. 

Examines  the  supply,  demand  and  economic  impact  of  recreational  boating  for  Ontario 
and,  at  the  community  level,  for  the  Village  of  Bayfield,  Little  Current,  and  Kingston. 
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25.  Smith,    K.    and    Desvousges,    W.,    Measuring    Water    Quality    Benefits,    Boston: 

Kluwer-Nijhoff  Publishing,  1986. 

A  comprehensive  discussion  of  different  aspects  of  measuring  benefits  associated  with 
changes  in  water  quality.  Describes  the  conceptual  basis  for  estimating  benefits  -  use 
versus  non-use  values;  the  concept  of  consumer  surplus;  different  welfare  measures, 
including  compensating  and  equivalent  variation  and  compensating  and  equivalent 
surplus.  Describes  different  approaches  for  measuring  benefits  including  the  travel 
cost  method,  the  contingent  valuation  approach,  and  the  contingent  ranking  approach. 
Describes  results  of  the  authors'  study  of  the  benefits  of  improving  water  quality  in  the 
Monongahela  River  basin  in  Pennsylvania  and  West  Virginia.  Used  the  contingent 
valuation  approach  to  estimate  willingness  to  pay  for  various  changes  in  water  quality, 
around  five  levels.  (For  more  detail,  see  Appendix  B).  Chapter  5  summarizes  recent 
studies  done  to  estimate  option  values. 

26.  Sproule-Jones,  M.,  "The  Social  Appropriateness  of  Water  Quality  Management  for 

the  Lower  Fraser  River,"  Canadian  Public  Administration,  Vol.  21,  pp.  176- 
194,  1978. 

Uses  a  number  of  different  procedures  to  measure  the  benefits  accruing  to  consumers 
from  environmental  management  in  the  Lower  Fraser  River  Basin.  Seeks  to  determine 
which  particular  uses  and  activities  carried  on  in  the  Basin  are  viewed  positively  and 
negatively  by  "citizen-consumers"  and  whether  the  management  of  water  quality  in  the 
basin  is  appropriate  or  inappropriate. 

27.  Sproule-Jones,    M.    "Pleasure    Boating   and    Hamilton    Harbour,"    Copps    Chair    in 

Urban  Studies,   McMaster  University,   Occasional   Report   No.   4,   October 
1986. 

Describes  the  law,  economics  and  scope  of  pleasure  boating  in  Hamilton  Harbour. 
Assesses  the  facilities  and  moorages  available  to  pleasure  boaters  in  the  Harbour. 
Estimates  the  economic  impact  of  pleasure  boating  in  the  region  and  the  loss,  in  terms 
of  income  and  employment,  incurred  because  boaters  in  the  region  prefer  not  to  use 
the  Harbour  for  recreation.  Suggests  that  this  is  associated  with  the  emphasis  placed 
by  public  agencies  on  use  of  the  bay  for  waste  disposal.  Discusses  other  factors  as 
well. 
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28.  Stillo,    A.,   "Analysis   of    Willingness   to   Pay    for    Recreational   Boating   on    Lake 

Ontario,"  Proceedings  of  the  Acid   Rain   Evaluation  Seminar,   Cdn,   Spec. 
Publ.  of  Fisheries  and  Aquatic  Sciences  90,  1986. 

A  report  of  a  study  which  uses  the  hedonic  technique  to  estimate  the  value  to  boaters 
of  specific  aspects  of  recreational  boating  on  Lake  Ontario.  Does  not  provide 
quantitative  estimates,  but  discusses  general  conclusions. 

29.  Toronto    Star    Marketing   and    Information    Dept.,    "A    Report    on    Recreational 

Salmon  Fishing  in  Lake  Ontario  and  the  Toronto  Star  Great  Salmon  Hunt," 
June  1980. 

Presents  the  results  of  a  survey  undertaken  of  people  involved  in  the  Great  Salmon 
Hunt  in  1979.  Types  of  data  gathered  include  a  profile  of  participants,  fishing 
occasions  and  time  spent  fishing,  purchases  of  specified  items,  and  estimates  of  per 
capita  expenditures  and  total  expenditures. 

30.  Tuomi,  A.L.W.,  "The  Role  and  Place  of  Sportfishing  in  Water-Based  Recreation," 

Cdn.  Water  Resource  J.,  VoL  7,  No.  3.,  1982. 

Summarizes  several  measures  of  the  economic  dimensions  of  Canada's  sportfisheries 
based  on  results  of  the  1980  survey  of  sportfishing.  Recommends  continuing 
development  of  sportfisheries  statistical  systems  and  data,  and  describes  the  type  of 
systems  and  data  required,  so  that  the  results  of  benefit-cost  assessments  can  be  used 
to  mitigate  and/or  stop  the  damage  caused  by  acid  rain  on  fisheries. 

31.  U.S.    Environmental    Protection    Agency    (by    the    Research    Triangle    Institute), 

Benefit-Cost    Assessment    Handbook    for    Water    Programs,    Vol.     1, 
Washington,  D.C.,  April  1983. 

Prepared  by  Desvousges  and  Smith  (see  Reference  #23).  Describes  procedures  and 
steps  for  evaluating  the  economic  aspects  of  proposed  water  policies.  Discusses 
benefit-cost  assessment,  and  how  it  differs  from  benefit-cost  analysis,  and  outlines  the 
steps  to  be  taken  in  conducting  a  benefit-cost  assessment.  Discusses,  among  other 
things,  treatment  of  the  distribution  of  benefits  and  costs;  discounting;  types  of 
benefits  of  water  quality  programs  and  methods  of  measuring  these  benefits.    Presents 
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case  studies  to  illustrate  the  different  methods  of  measuring  benefits  and  shows  how  to 
complete  a  benefit-cost  assessment. 

32.  Vaughan,  W.J.  and  Russell,  C.J.,  "Valuing  a  Fishing  Day:     An  Application  of  a 

Systematic  Varying  Parameter  Model,"  Land  Economics,   Vol.   58,   No.   4, 
November  1982. 

Estimates  the  value,  in  terms  of  average  willingness-to-pay,  of  a  day  of  fresh  water 
recreational  fishing  differentiated  by  fish  species  sought.  Results  are  based  on  a  survey 
of  fee-fishing  sites  in  the  US  in  1979.  The  authors  support  the  "household  production 
function  theory"  whereby  the  consumer  produces  final  service  flows  using  consumption 
technology,  time,  purchased  goods,  and  non-market  goods  inputs.  Species  considered  in 
the  analysis  are  trout  and  catfish.  Presents  estimates  of  consumer  surplus  when  the 
cost  of  travel  time  is  included  and  when  it  is  excluded. 

33.  Victor,  P.  and  Burrell,  T.,  "An  Economic  Assessment  of  Acid  Rain  Impacts  on 

Sportfishing  in  the  Haliburton/Muskoka  Region,"  January  1983. 

Uses  the  Talhelm  approach  to  estimate  the  economic  welfare  losses  due  to  responses  of 
sportfishermen  to  acid  deposition  in  the  Muskoka/Haliburton  region.  The  essence  of 
the  approach  is  to  "estimate  demand  curves  for  sportfishing  and  then  see  how  the 
consumer  surplus  from  fishing  changes  if  acid  rain  reduces  the  supply  of  fishing". 
Supports  the  notion  that  supply  curves  are  perfectly  elastic  "on  the  assumption  that 
anglers  can  return  as  often  as  they  like,  at  the  same  price,  to  the  nearest  lake  that 
provides  any  particular  'product'."  Estimates  consumer  surplus  losses  to  the  year  2032 
for  a  total  of  232  lakes  in  the  Muskoka/Haliburton  region  assuming  increases  in  acid 
rain. 
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